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In the most basic sense, deeps of the sea, risen in 

what we ate doing is what balltKins to the strato- 


we, as human bein^, have sphere, and launched into 

always done — seeking space in tiny capsules on 

knowledge, seeking to the tips of rockets. They 

know. Somewhere at our have always gone into the 
species' core is a special unknown and made it 
need to know— know our- known; they have always 

selves, know our planet, pushed the frontiers of hu- 
know the Universe if we man knowledge outward, 
can. We have always taken 

great risks, committed NASA Administrator 

huge resources to add to National Aeronautics and 
the sum of our knowledge. Space Administration 
Over the centuries deter- "Letter from Washington" 
mined people have volun- NASA Activities. 

tartly risked their lives to October 1977. 
explore the Earth's most 
hostile a-d inaccessible 
places: ...e poles, the peal s, 
the open oceans, the jun- 
gles and the deserts; they 
have descended into the 


Left: An dffOf’s conception 
ft! s.ohir flares. 

Omtertts pa^e: Flamma solar 
gases in. tight magnetic hmps 
photogrtipited horn Skvlab. 
August 14. 19^,1 


Title page: This drammk 
Pitmting by Davis Meltzer 
shows the mottled surface of 
the photosphere inarked by 
dark sunspots and bmken by 
(laming prominences shaped 
into cods bv powerfal mag- 
netic fields. Such a scene may 
one dav be recorded by the in- 
struments of a proposed solar 
'Scorcher. " 
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In the winter of one of the middle years of 
the 1640's, for the first time in living 
memory or recorded history, the people of 
eastern and western Holland cea^ to be 
divided by the great, shallow Zuider Zee 
that lay behind the mighty dikes which 
held out the North Sea — because that win- 
ter the Zuider Zee froze fast, and skaters 
and horse-drawn sledges could cross back 
and forth at will. 

That same winter, across the English 
Channel, incredulous Londoners were 
driving their carriages the length and 
breadth of the frozen Thames. 

Another strange thing that winter was 
the failure of the long, flaring, colored 
streamers of the Aurora Borealis to appear 
even once in the night sky. A few people 
wondered if the two unusual tK'currences 
were somehow related. Perhaps, they 
thought, the sky had become too cold for 
the Northern Lights. 

At the same time, European astrono- 
mers observing through early and primi- 
tive telescopes, noticed that the dark spots 
they had been studying on the Sun's sur- 
face were no longer there. 

The next winter was the same. And 
the next. And the one after that. Frozen 
lakes and rivers and even arms of the sea 
itself like the Zuider Zee. No ribbons or 
banners of light in the northern skies. In 
time people became accustomed to the 
change. In all the lands of the temperate 


zones, both nonh and south, — in Prussia 
and Russia and China and |apan, and in 
the struggling colonies of North Amer- 
ica, — they wore heavier, warmer winter 
clothing, they cut more wood to warm 
their homes in the longer winters. They 
learned to use the frozen waters as winter 
highways and playgrounds. Generations of 
children grew to maturity knowing no 
other kind of winter, knowing the awe- 
some spectacle of the Aurora only through 
the memory of their parents, and only half 
believing. In the Alps the glaciers inexora- 
bly advanced, grinding farther out upon 
their moraines than at any time since the 
last maior glaciation 15,000 years before. 

Not only science but even literature 
has recorded this "Little Ice Age." It was 
the time of the fictional Hans Brinker of 
the Silver Skates who raced with his peers 
on the frozen canals of his native Holland 
as related by Mary Mapes Dodge in her fa- 
mous novel of 1865. 

Then suddenly, after some seventy 
years, a winter around 1715 was "normal," 
although not "normal" to the people of 
the time; the Aurora returned to the 
northern skies, the dark spots reappeared 
on the Sun, and pre-1645 winter tempera- 
tures, Northern Lights and sunspots have 
been the rule ever since. 

On the high plains of North America, 
measurement of tree growth rings, and the 
testimony of human witnesses over a pe- 
riod approaching three centuries reveals 
that severe droughts have trccurred with 
eerie regularity approximately every 
twenty to twenty-two years. This strange 
pattern has been observed and recorded 
without fail since the drought of 1815-18. 
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The most recent drought occurred in 1976, 
although slightly east of the generally ac- 
cepted "high plains" area. 

lust a century ago one of the techno- 
logical triumphs of a vigorous young 
America still tapering off from its proud 
Centennial celebration was the newly 
completed telephone cable linking us to 
Europe across the North Atlantic. There 
was reason to be proud; stringing some 
2500 miles of copper cable across the 
peaks, canyons and abyssal plains of the 
Atlantic was a maior engineering accom- 
plishment. And it worked. Most of the 
time. The trouble was that occasionally 
for a few hours or a day, it didn't work 
very well. Static from unknown sources 
unpredictably garbled callers' voices in one 
direction or the other. That problem has 
continued into recent times. On February 
10, 1958, on the Bell System's cable from 
Clarenville, Newfoundland, to Oban, Scot- 
land, callers in Europe were startled and 
puzzled to hear voices from the North 
American end distorted into alternate loud 
squawks and faint whispers while their 
own voices were received in normal tones. 

On the same day Western Union had 
severe and prolonged interruptions on its 
North Atlantic telegraph cable with the 
clacking telegraph relays delivering mostly 
unintelligible gibberish. 

Whatever the problem was, it had 
nothing to do with the fact that the af- 
fected calls were under water. Cables on 
land had similar mysterious interruptions. 


On the same day that Bell and Western 
Union had difhculty with their cables, To- 
ronto, Canada, had a temporary blackout 
when circuit breakers tripped in an 
Ontario power station. 

On March 24, 1940, Minneapolis, 
Minnesota, was virtually cut off from the 
outside world when 80 percent of its long 
distance telephone lines inexplicably went 
dead for several hours. On the same day 
an electrical blackout occurred in parts of 
New England, New York, eastern Pennsyl- 
vania, Minnesota, Quebec, and Ontario. 

As recently as August 4, 1972, a link 
in the Bell System coaxial cable between 
Plano, Illinois and Cascade, Iowa failed 
completely fur approximately half an hour, 
and on the same date a half-million-dollar 
power transformer suddenly exploded at 
the British Columbia Hydro and 
Power Authority. 

Like telephone, telegraph, and power 
transmission cables, pipelines are very 
long, continuous, electrical conductors — 
and they too have had their share of unex- 
pected, unpredictable and not readily ex- 
plainable disturbances. In the early 1940's 
a new pipeline was constructed across the 
Isthmus of Panama with one end literally 
in each ocean. But even before the pipeline 
was placed in service, severe corrosion 
caused the failure of valves and other ter- 
minal facilities at both ends. An investiga- 
tion showed that an electrical current of 
as much as thirty amperes was at times 
flowing from ocean to ocean, first one way 
and then the other, and going to ground at 
the terminals where the damage was oc- 
curring. The current was not the result of 
any human activity. 




Similarly, toge, transient electrical 
currents not attributable to any man-made 
cause, are occasionally induced in the 
modem SOO-mile Alaska pipeline. These 
currents can prtrfuce severe problems for 
the electronic systems which control and 
monitor the pipeline. 

In September of 1957, United States 
Navy flij^t crews operating radar- 
equipped, early warning patrol planes over 
the North Atlantic suddenly and com- 
pletely lost radio contact with their base 
and all shore stations for several hours. 
Their mission was to locate, track and re- 
port all aircraft headed toward North 
America. They could locate and track— 
but they could not report. 

In February of 1979 something went 
wrong with radio transmissions at certain 
frequencies across the United States. 
Hi^er frequencies, used for short range or 
line-of-sight communications, suddenly 
carried messages for thousands of miles. A 
Los Angeles fire department dispatcher 
had his emergency radio. channel jammed 
by conversations from the..sc.ene of a plane 
crash in West Virginia, At. the same time 
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lower frequencies used for long distance 
communications were only carrying for 
about 100 miles. 

As diverse as all these happenings 
are,— in time and scope and space and na- 
ture— they are, in fact, closely related. 
They are related by the fact that all were 
associated with events occurring in a 
slowly rotating nuclear fusion furnace 150 
million kilometers (93 million milesf 
away, called the Sun. 

Consider the closeness of that 
relationship. 


In the fall of 1957, U.S. 
Navy radar pianes like 
this on patrol over the 

North Atlantic lost radio 
contact with their bases 
for several hours as. a re- 
sult of events on the Sun 
93 million miles away. 


OF POOR QUAUW 
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Sun/£arth Relationship 


Most scientists now agree that the Sun 
and. the Earth were bom at about the same 
time out of the gravitational contraction 

and condensation of the same cloud of 
galactic gas and dust about 4.6 billion 
years ago. The atoms which power the 
Sun and which compose the eyes and the 
brain with which you read these words all 
came from that same parental galactic 
cloud. And it was the same galactic cloud 
which in turn was composed in large part 
of elemental atoms from the interior of a 
prior generation of exploded stars. We and 
our Earth and our local star, the Sun, are 
literally made of the same elemental ma- 
terials, forged in the furnaces of 
ancient stars 

Our Earth and the other eight planets 
and 42 known moons of our solar system 
are locked in an intricate and dynamic 
gravitational/ centrifugal balance around 
the Sun, each. in. its.. ow.n .orbit, each differ- 
ent in its chemistry and characteristics, 
but all bathed in and dominated by the 
emanations from the Sun. These emana- 
tions do not consist simply of the light 
our eyes can see and the warmth our bod- 
ies can feel. Earth and all the planets and 
moons of the solar system swing and spin 
in their various orbits through a flood of 
invisible but hot and highly energetic elec- 
trically charged particles spewed out of the 
Sun at supersonic speeds and affecting 
them in a variety of ways, only some of 
which we are beginning to understand. 

Although most of the planets, includ- 
ing Earth, have their own maprctic fields, 
like those of hugely scaled-up bar mag- 
nets, all arc also affected, again in ways 



A chad of hot ionized 
galactic gas and dust 
like the one from which 


scientists believe the Sun 
and its planets, indud- 
ing Earth, were formed 
about 4.6 billion years 
ago. Here an infrared im- 
age has been superim- 
posed on a black and 
white photograph to 
show the gas cloud {the 
Swan nebula) as it 
would appear through a 
large infrared telescope. 
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we are just beginning to understand, by 
the spinning magnetic field of the Sun. 

On Earth, all life of every kind from 
the tiniest viroid to the largest whale, 
from blue-green algae to giant setiuoia, in- 
cluding the human species itself, is fully 
and precariously dependent on the Sun. 

All life on Earth originated and evolved in 
its light and its warmth. All life on Earth 
would be forever extinguished by only a 
minor change in its radiance. A drop of 
o ily two percent in the degree 

Fahrenheit surface temperature of dhe Sun ^ 
would initiate a global glacial advance 
which would turn our beautiful blue 
planet into a giant, uninhabitable -snowbaJi 
in only fifty. yea«. A rise of two percent 
would melt the icecaps of Greenland and 
Antarctica, flood the continental coasts 
and eventually sear the land masses of 
Earth to Saharan stillness and..sterility. 

Today there are books and articles and 
television specials and news reports and 
bumper stickers: all concerned with some- 
thing presumably just recently discov- 
ered— solar, energy. The fact is that our 
Earth and all the life on its surface and in 
its seas have always been powered by so- 
lar energy. There are only a few kinds of 
energy on our planet that are mu solar: 
e.g., geothermal (heat from the deep inte- 
rior of the Earth); tidal jthe ebb and flow 
of the tides caused by the gravitational 
pull of the Moon): and nuclear Oil, gas 
and coal all come from the fossils of 
plants which grew by converting sunlight 
to energy. Wood and "biomass" are from 
the same source but mote recent. Hydro- 
electric power is possible only because the 
Sun evaporates the Earth’s standing water 
and pours it hack in rainfall into the 
sources, of .the rivers which dove the water 


turbines. Even the wind that turns our 

windmills — and modem windmills or 
"wind turbine generators" hold great 
promise as a dean, renewable energy 
source—are bom out of the uneven heat- 
ing of the Earth's atmosphere by the Sun. 
In all the centuries before the Industrial 
Revolution, the animals which provided 
power and transportation not only existed 
because they had evolved in the life-giving 
Sun, but derived the energy used in their 
work from the plants foats, hay, barley, 
corn) which had synthesized the Sun's 
energy to grow. 

And there is good reason to hope that 
in the centuries to come, we will have the 
vision and will develop the technology to 
make direct use of the abundant solar en- 
ergy outside the atmosphere of Earth for 
the long-term benefit of mankind. 

In ultimate confirmation of the close- 
ness of their relatioriship, Earth. and Suit 
will one day die together as they were 
born together. Some five billion years in 
the future the Sun will begin to exhaust 
the hydrogen fuel in its deep interior and 
the fusion process will move outward, ex- 
panding the Sun into a red, giant star 
which will engulf and incinerate the inner 
planets, probably inclading the Earth. But 
there IS no comfort in that "probably," be- 
cause even if it is not physically swal- 
lowed by the swollen Sun, our planet will 
by then long have been a charred and life- 
less cinder swinging residua 11 y 
through space. 
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This pamnnx shows 
five stages m the 
life cycle of the solar 
system. The cloud of 

cusmic gas and Just 
from which the Sun and 
its planets were formed 
is at the top. The ctm- 
traction of the cloud to 


him the embryonic solar 
SI stem IS imt Mow. 

next appears the early 
solar system with the 
Sun's fusion furmuv ig- 
nited and the planets be- 
ginning to cool. At the 
bottom is the solar svs. 
tern as we know u to- 
day and in the lower 
left the Sun of some 
five hi linn rears from 
now as ti giant red star 
consuming the inner 
planets. 


The Sun w ill not last long as a red 
giant. It will pulsate slowly a tew times, 
expanding and coniiacting every tew thou- 
sand years, spewing about b It ot its mass 
out imo space, then shrinking to a white 
hot dwart before cotiling to its ultimate 
condition, a dense and dead black lump 
lost forever in the galactic dark. 

Mankind is literally part «1 Earth, con- 
structed entirely of the chemicals in its 
crust. Earth’s diurnal rhythms lie deep in 
the living cell* of which our bodies are 
composed. The hmc in our bones and the 
salt in our hltHid and tears are the chemi- 
cals of Earth’s oceans trtim which our re- 
mote ancestors emerged some 4<K1 million 
years ago. Although we have learned to 
control our environment |wc light the 
dark, heat the cold, and cool the heat 
around us’ and have eoine to dominate mu 
planet, we arc still as much its creatures 
as the earthworm turning the soil in the 
dark or the bright hluciay sounding its 
raucous challenge from a twig. 


When the first Polaris submarines 
stcKxl out on tlieir two-month, submerged 
deterrent patrols in the early 1960's. there 
were no night and no day tor their 
hundred-man crews, only the unchanging 
artificial light and the steady humming of 
machinery. It was not long before a drop 
was noticed in the general efficiency of 
the carefully sekcied and highly trained 
crews. The incidence of ptxrr performance 
and of inter-personal friction increased as 
the weeks on patrol wore on. »n investi- 
gation was conducted and a simple cure 
was discovered. For eight hours a day 
when the ships’ cltKks showed that dark- 
ness had come to the .surface of the sea, 
the white lights were turned oft and onh 
dim red bulbs illuminated the living 
spaces of the big subs. The cycle ot light 


mm 
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far ofaiiati <rf a tewaxdmg futwnc out 
^ j*n ever cxpauidini; storeh«sc of 


gain accurate knowledge of a human tm 
by the study, however thtirough. of any 
one part but must examine the tnterrela 
tionship of all parts working together. If 
mankind is to continue to flourish, we 
must understand the workings of the en 
tire system of which our Earth is an intc- 
gra> part. That system is the Solar System, 
burr, ot, powered by and having its exis- 
tence only in relation to its central star, 
the Sun. 

When the fmt P< 4ari< 

<uhmarim*> went on p<;- 
tiol m the earir \sxtte\ 
the et'uetenev oi the men 
hke these, wen steinJtnx 
hv (he missile launching 
tubes m ti Jrill. lost e*‘-t 
ciencv bcciiuse there wus 
no ntjiht or An- m the 
subs. Turning the 
lights n> cfctile tin art in- 
eial An mghr cvek re- 
store J etiu icnev and 
reduii'J nseUon sn 
dosefv Is tarth and imm 





ed hyht into the colors of 


period ai the OM Stone Age, with the bsi 
great ice i^aciers covering half his native 
Eurqpe, a naan with a brain and a l»ody 
like tmr own took time out from the 
struggle for survival to record the phases 
of the Moon by notches cut with flint in a 
reindeer antler. It is the first known 


viewpoint last<ol for fifteen hui^yred years. 

In 1543 Nicholas Copernicus pufo 
lished a paper in Ifoland showing that the 
.Ea.rth and the planets revolve around the 
Sun, a fact first rccoi^iized by Aristarchus 
of Samos around 280 B.C. but drowned by 
the comforting Kokunaic th«wry and the 


ory of the phases of the Moon. In the sec- 


!6 
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am At S«m. Laicr in tlie mme cmtmj the 
Getmm m^thenuucyin h,«rplc% 

wwktflg with the mcticuhHis. Iife4t*n^ »> 
tmmmioii cfecn'ancms ai Tycho Brahe, a 


ered the eHi|«tca} nature planetary or* 
hits and denved the three basic laws 
which explain and }^vem their nuuHwi. 
Late Ml the ITth centtiry, the Englishman 
Isaac Newtcai, called by some the greatest 
scientihc genius oi all time, denecd the 
bws ol p’avity anil inertia which pervade 
lire Universe and provide mankind with 
the beginnings ol an ability to understand 
Its wenkings. Newton also handed human* 
ity another key to the understanding ol 
the Univem* by Itrst dividing sunlight into 
Its spectrum «t colors, thus conceiving the 
spccinwci^, mre ot the most valuable 
tools %ii asiiMiomy. 

Two hundred and torty-one years after 
Newton *s death, in IXxember of Id^g. 


flic t},itk Of A}S>th> S Of! 
man S otbH of she 
•ilotiji .if i'hu\Wui‘i l^t>S 
The f/ig/jf iv.lv pLmneJ 
jttJ exeniit J in .lovoi 
d.iru «' wtih the J.m » or 

gr,Hif» .if hi inerths Je 
m eJ /•! Sit Isdth' Sew 
Um Lite m the 1 ’th 
t etuttrv k'sM vf.fri.iv rof 
i omm.ifiti Sen u e Shu! 
tile and t 'if r,tf t’orn 
tihtnJ Xhuhtle 


Control in Hiiusion to speak i<» bis iamiiv 
at home, including his five year-old stui 
The boy had only one i|uestion;— : 

’Who was driving?” 

Was it his daddy? IV. i. 

Was II his friend, Colonel Borinan- \*» 
Then it must Nr Captain Lovell. JVo 
Then who mis driving* 

Bill Anders thought a moment, then tt»ld 
hi.s son- "Sir Isaac Newton.” 

And he was right. 

But human tntcre« in the reLunmslnp 
ot Earth to the Sun. the Moon and the 
st.uN ha'. iii*t Wen limned to Western In 
n>pi* 1'h.it mierest has Wen global, i'un 
iisitv IS inherent in h<»f«o sapsem it we 
had not Wee. curious from the beginning 
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temdb fam a li||itenM^'Stwck: tmx arfl 
CMiininai it. with a»i«si.ty, fialing it 
waiw, traiii^pwtablc and aMiorfcat to 
ptedattMRs,. Wc pressrf .thc..f.iist..wiW gain 
seedb into the Earth and coveiral them to 
wt what would happen and modern cotIi: 
zation was coftcewiA 

All ower the Earth, fwr at least the .^5 
millennia since the Ice ^e lunar observer 
cut his caidul antler notches, men have 
been curious about the heavens. 

In China in ■2IJ7 B;Gi- »i»eoBC^x- 
recorded the first solar eclipse, and for a 
while thereafter ecli|«ie prediction was 
considered suJSicicntly important that as- 
tronomers were put to death if their 
predictiems were inaccurate. 

On the Wiltshire plains of southern 
inland, generation after generatitm trf 
Bronze Age tribesmen labored for more 
than 1700 years I2W1 100 i.C| to buid 
the massive circles and hor«sh««s of 
Stonehenge. And ‘labored*'" is a »riously 
misleading undcrstatement<.,Onlf part of 

that epic construcriott project was the 

quarrying mA transportation of eighty blue 
stones weighing as much as four tons 
each, from struthem Wales, a straight-line 
distance of 217 kilometers ildri milcsl 
There is evidence to indicate that Stone- 
henge was oriented in accordance with ob- 
servations of the Sun and the M«>n and 
serv'cd at least in part as a kind of astro- 
nomical observatory 

While Europe was awakening from a 
thousand years of mysticism and igno- 
rance, the Incas of Peru were observing the 
summer and winter solstices, when the 
Sun tin the southern hemisphere! reaches 
its most southerly and its most northcriv 
points respectively; and the vernal and au- 
tumnal equinoxes, when the Sun crosses 
the equator at the halfway point on its ap- 
parent north-south lourncv, ,n;d day and 
night arc of equal length. They also knew 



not only the dates of the Sun's zenith, 
when it was directly over their capitol of 
Cuzco, but the dates of its anti -zenith 
when It was exactly opposite the zenith 
point on the other side of the Earth. 

Nine hundred years before the coming 
of the ConquistihUncs in the early six- 
teenth century, on the Yucatan Peninsula 
and in what is now Guatamala and West- 
ern Honduras, Mayan mathematicians had 
developed a calendar based on solar, lunar 
and astronomical observations which was 
more accurate than the Gregonan calendar 
of northern Europe, and a mathematics 
ihased on 20 rather than 10 and mcorpor- 


ating the concept of zero! which was not 
equalled in Europe for several centuries. 

Ail across North America is scattered 
the evidence of the deep interest of the 
early people in the Sun, the Mmm 
and the stars. 

Along the eastern slopes of the Rocky 
mountains where they thrust up through 
the northern plains is an abundance of cir- 
cular stone patterns called "medicine 
wheels." The best known arc the Big Horn 
medicine wheel in Wyoming and the 
Moose Mountain wheel in southeastern 
Saskatchewan. Both have spokes aligned 
to the summer solstice and to the dawn 
rising of certain briyht stars. Carbon-dat- 
mg shows that the iVutosc Mountain 
wheel. HO meters (90 yards! in diameter, 
was in use at the time of the birth 
ot Christ. 


Outlying cairn ami hub 
of three-cemury-nhJ Biy 
Horn Medicine Wheel 
paint to the rising Sun at 
summer solstice. Other 
cairns align with solstice 
sunset and the risings of 
Aldehuran. Hige! and 
Sirius, indicating the in- 
tense interest of the 
early people of America 
in the relationship of 
Earth. Sun and stars. 
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On the top of Faiada Butte in Chaco 
Canytm, New Mexico, slabs of stone and 
spiral markings on the rock are so ar- 
ranged that $unli#M coming between the 

slabs falls upon the spirals to mark high 
.ttt»n.of .thc.suinnier solstice, the winter 
«jlstice and. the eemal and autumnal 
et|uinox. 

At Casa Grande, between Ph(»cnix and 
Tuscon, there is a h»ur-stor>* adobe struc- 
ture 600 to 800 years old which apparently 
was used to make complex astronomical 
observations. One window in the west 
wall exactly frames the setting Sun at 
summer solstice. On the cast side, two 
other holes in the four- foot -thick adobe 
mark the two equinoxes in an elegant and 
ingenious way. At sunrise around the 
equinox, light passes through one of the 
holes, slides as a small, bright spot across 
a wall, and on that day only, disappears 
into a small precisely drilled hole in the 
wall. But the full elegance of the device is 
marred by the fact that this event now tx:- 
curs exactly two days after equintix. Scien- 
tists are trying to determine the reason for 
the apparent miscakulation. Earth subsi- 
dence or ground shifts due to earthquakes 
or tremors are two possibilities. 

Even more intriguing than the novel 
light and hole arrangement is evidence 
that the astronomers of Casa Grande had 
observed and measured a very subtle varia- 
tion in the Moon’s orbit caused by the fact 
that the plane m which the Moon orbits 
the Earth is not quite the same as the 
plane in which the Earth and other planets 
orbit the Sun jthc ediptid. In fact the 



10 






0 f this angwlat difference to an observer on 
Earth is to vary the Moon's extreme north- 
ernmost and the southernmost positions 
in the sky from a maximum to a mini- 
mum in a cycle of exactly IB.61' years. In 
1978 the Moon was at its extreme north- 
ern and southern points in the cycle. In 
that year observers at Casa Grande found 
that at the time of noithcmmost extreme 
the Moon was exactly framed in an odd- 
shapai opening in the northwest wall ami 
at soutbemmost extreme by a similar spe- 
cial opening to the. .southeast. 

The message comes clearly across the 
centuries from the slopes of the Rockies, 
from Saskatchewan, from the Yucatan, 
from Cuzco and Chaco Canyon and Casa 
Grande, from China and Stonehenge— -and 
from other sites in Egypt, India and Cam- 
bodia. For 35 millenia, and doubtless for 
far longer than that, of which no record 
survives, men have been attempting to 
discover how Earth and man lit into the 
scheme of things, attem.pting to determine 
their place and function in the Universe, 
their relationship to the cosmos. 

Building on those ancient foundations, 
we are doing that same thing today. It is 
just that we have improved our tools. 


Cma Ckamie. between 
Phoenix nnd Tusam 
med bv the fndims of 
the Southwest far five 
hundred years to make 
unmmdh advanced and 
complex rntromnnical 
observations. 
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This striking rieu* of the solar corona %m% 
prepared from daiti supplied hy Sohir Max. 
Ihe colors represent densities of tin amma 
and go from hhte hlensesti to yellow Ileasf 
dense I The corona has a U'lnpetartne of 
about four tmllnm degrees Cl'Isnts. The blue, 
dense ammal regions overlie simspot regions 
below on the solar siiriace. 
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1 he accumulation of knowledge ac eel cr- 
ated rapidly with the general use ut the 
telescope for astrom>mical observations in 
the Seventeenth Century. In Holland, a 
contemporary of Newton, Christiaan Huy- 
gens, an aristocratic intellectual with a 
wide range of interests, developed the 
wave theory ot light. He held that light in 
a vacuum heSiaves like waves in the sea, 
with sinuiar characteristics of wavelength 
Ithe distance between consecutive wave- 
crestsl and t requeue y (the number of wave- 
crests which pass a given point each 
^econdl His theory is accepted today but 
with the qualiticatiun. derived by Albert 
Einstein, that light also behaves under cer- 
tain circumstances like a stream of parti- 
cles, an idea first conceived by Isaac 
Newton. Huvgens recognized that the Sun 
IS a star and all the stars are other suns, 
and he believed those other suns had 
planets just as ours does— a belief gener- 
ally accepted as fact today although we 
have not yet been able to observe directly 
a planet of another star. Huygens also de- 
vised a method for measuring the distance 
to a star hy comparing the brightness of 
the Sun as seen through a small hole in a 
brass plate with the rcmemberci! bright- 
ness of the star. 

A century and a halt after Newton s 
discovery of the spectrum ot light, los-’ph 
von Fraunhoter, a Bavarian optician, incal- 
culably increased the usetulness ot that 
discovery by determining that the number 
and character of the tme lines he found in 
the spectrum are precise indicators of the 
molecules and elements at the light 
source. Each of the 92 elements which oc- 
cur on Earth absorbs different frequencies 
|or colors! of light and displays its own 


unique and characteristic combination of 
dark lines in the spectrum. If there is hy- 
drogen at the light source (the Sun, a star, 
or a cloud of interstellar gas! we see just a 
few dark lines; if there is iron at the 
source, we see more than MMf, all at pre- 
cise locations in the spectrum, each ele- 
ment sending its unique "signature" in 
the beam of light. 

Together Newton and Fraunhoter gave 
mankind a very useful tool. With it we 
can determine the chemicals in a star so 
far away that the light wc are seeing m its 
spectrum left the star before the Earth on 
which we stand was formed, hctorc our 
Sun began to shine. With it wc can htei- 
a!ly experience the past in the present be- 
cause we are seeing what a star or a galaxv 
was like when the light we study left it a 
million or a billion years ago. 

And there is more. With this tool, the 
spectroscope, we can not only determine 
chemical composition by counting Fraun- 
hofer's lines m Newton's spectrum, hut by 
the character of the lines— dark or shaded, 
sharp or blurred, shifted toward the blue 
or the red end of the spectrum— we can 
read the temperature, density, pressure, 
strength of gravity, and magnetic and elec- 
trical forces at the source of the light. 

For a hundred years hetween the mid- 
Ninetecnth and mui-Twentieth centuries 
the technologies of the telescope and the 
spectroscope were advanced and improved. 
We built bigger and bigger telescopes, cul- 
minating in the 200-mch lens on Palomar 
mountain in California. Out ot the spcc- 
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troscope was derived the spectroheliograph 
for the more careful scrutiny of the Sui ;n 
selected single lines of color, each of 
which occurs in the Sun at different tem- 
peratures and therefore at different levels 
in the Sun's atmosphere. With the coming 
of the camera we increasingly substituted 
high sensitivity film for the human eye. In 
the late 1930's we began to scan the skies 
with radio telescopes, observing for the 
first time in a part of the electromagnetic 
spectrum other than the relatively narrow 
band of light our eyes can see. 

Each of these improved technologies, 
as they became available, were applied to 
solar research, and by the time humanity 
was hurled willy-nilly into the Space Age 
with the purposeful overhead beeps of 
Sputnik (in the autumn of 1957), we knew 
a lot about our sample star. 


Knowledge of the Snn in 19S7 


We knew its distance from the Earth — a 
mean of 150 million kilometers or 93 mil- 
lion miles, a distance we call an Astronom- 
ical Unit, or AU, and use to describe gross 
measurements within the solar system. 

We knew its age — the same as that of 
Earth, about 4.6 billion years. And we 
knew its life expectancy— about five bil- 
lion more years. 

We knew its size — 1,390,0(K) kilome- 
ters or 864,000 miles in diameter with a 
volume l,3(X),(X)0 times that of the Earth 
and a mass ja quantity of matter! 330,000 
times that of our planet. 

We knew its chemical composition— 
about 80 percent hydrogen, 19 percent he- 
lium and trace amounts of about 7{) of the 
other 90 elements which occur on Earth. 


We knew its general structure — a 
huge, spherical nuclear furnace enclosed 
by the bright surface which we sec, the 
photosphere, and above th«t two tenuous 
layers called the chromosphere and the 
corona, separated by an ultra-thin band of 
space called the transition zone. And we 
Imew that the Sun maintained its struc- 
ture, shape and size by means of a dy- 
namic balance between outward pressure 
from the heal of the nuclear reaction and 
inward pressure from the mass of material 
surrounding it. 

We knew its temperatures — al '»ut 

5(KX) degrees Celsius |9,000 degrees i xhx- 
enheit) in the photosphere, from 400b to 
50), (»0 degrees Celsius |7000 to 900,000 
degrees . Fahrenheit) in the chromosphere, a 
hah million to three million degrees Cel- 
sius (900,000 to 5,400,000 degrees Fahren- 
heit) in the corona, and sixteen million 
degrees Celsius (29,000,000 degrees Fahr- 
enheit) at the center. For comparison, the 
temperature in the gas burner of a kitchen 
stove is 1000 degrees Fahrenheit and in 
the hottest furnace used for the production 
of steel, it is 10,000 degrees Fahrenheit. Sir 
James leans in his famous book. The Uni- 
verse Around Us, calculates that the heat 
from a pinhead -size piece of material from 
the interior of the Sun would kill a man a 
hundred miles away. 

When the Space Age dawned we also 
knew, or were reasonably certain we knew 
in a general way, the process which pow- 
ers the Sun and makes it shine and radiate 
energy — atomic energy in the form of ther- 
monuclear fusion. This is the same pro- 
cess which powers the other stars — and 
the hydrogen bomb. In the nearly 
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immeasurable temperatures and pressures 
of the Sun's interior {19 million degrees 
Celsius and a trillion pounds per square 
inch) hydrogen atoms, which have one 
electron circling a nucleus of one proton, 
.are. diivea .. together. in. ..higli speed collisions 
and fused into helium atoms with two 
electrons and two protons, thus converting 
hydrogen into helium and releasing huge 
amounts of energy in the process. 

The explosion of a ten-megaton hydro- 
gen bomb effectively converts about one 
pound of matter into energy. The Sun con- 
verts about five million tons of matter 
into energy each second. 

By 1957 we also knew that the Sun 
rotates unevenly, because it is not a solid 
with a molten core like the Earth, but a 
bail of flaming gas, with points on the 
equator rotating around the axis every 
twenty-five days, points at the poles about 
every thirty -three days and areas in be- 
tween rotating at intermediate rates. 


Sunspots m seen through an mdinary tekscope. 
Sunspots me indicators of soim activity, varying 
from mirtimurri to mmirtium every U years. 


We had also long known about sun- 
spots as well — cooler areas associated with 
strong magnetic fields, which show darker 
than their hotter s.jtoundings and which 
come and go, increasing and decreasing in 
size and numbet, in cycles of eleven years. 

Finally we "knew" that, although 
quiet and burning with benign steadiness 
most of the time, the Sum occisioniUy 
flares and fires streams of energetic parti- 
cles across the solar system some of which 
penetrate and react with the atmosphere 
of Earth. 

By the late If 50's large amounts of 
valuable knowledge concerning the nature 
of the immediate environment of the 
Earth had been added to the human 
storehouse. 

We knew, and had known even before 
Prince Henry's navigators began using the 
.magnetic compass, that the Earth was a 

planetary magnet with north and south 
magnetic poles which do not coincide 
with the geographic poles. 

We knew the composition of the at- 
mosphere — at its lower levels 78 percent 
nitrogen, 21 percent oxygen, one percent 
argon, and lesser amounts of carbon diox- 
ide and other gases. 

We knew the atmosphere was struc- 
tured, with a troposphere, in which most 
of our weather occurs and within which 
the temperattire generally decreases with 
altitude, extending from the surface to 10 
miles above i a stratosphere from about 10 
to about 45 miles in which the tempera- 
ture remains essenti. ly constant; and an 
electrically charged ionosphere, with three 
regions of its own, extending from the top 
of the stratosphere out to about 600 miles. 

We had not known about the ionos- 
phere for very long in 1957. Its existence 
had been discovered independently in the 
early decades of this century by an English 
physicist, Oliver Heaviside, and an Ameri- 
can electrical engineer, Arthur Kennchy. 
Their discovery of the ionosphere was one 




This IS what we knew 
about the Stin. its radia- 
tion. the atmosphere of 
Earth and the penctra- 
turn of atmosphere by 
solar radiation when the 
Age of Space began. 


mmimi 
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ot our era's notewtirthv additions to hu* 
man knowledge, h is the ionosphere 
which acts as a protective sta-n around 
the Eaith, allowing the Sun's light and 
warmth to reach the surtace but absorbing 
flu, lethal wavelengths ol ultra-violet rays 
|somc ot which get through to cause Sun 
tan and skm cancerl, x-rays and 
gamma rays. 

It IS also the ionosphere which makes 
long distance radio communications possi- 
ble by retlccting hack to Earth low, me- 
dium and high tretpiency radio waves, 
while letting the verv high trequcncies, in- 
cluding those ot TV, pass out into space to 
provide only hne-oi-sight, or short range 
communieations. 


When Sputnik was launched into its 
tirst beeping loop around the planet, we 
had a basic working knowledge ot the Sun 
and ot the Earth’s immediate environment 
in space. But we were like the physitian 
who has a good knowledge ot the brain 
and ot the hand but knows very little 
about the relationship between them. Cer- 
tain relationships had always been ob- 
vious-night and dav, the change ol 
seasons, the need of all living things tor 
sunlight— hut the mechanism, the cause* 
and-cftcct relationships between the Sun 
and Earth, the interactions betw< cn solar 
phenomena and the Earth's environment 
and the effects of those ..iteractions were 
largely unknown. 

One of the reasons tor our relative ig- 
norance was that trom the dawn of h an 
interest in the suhiect we had b . cn worl. 

ing with a built-in disadvantag ■ ? hat <' 
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advantage was the dichotomous, effect of 
the Earth's atmosphere. The air we 
breathe and need to live, the atmosphere 
which shields us from the lethal emissions 
of the Sun and the cosmos, at the same 
time effectively prevents us from studying 
those emissions and interposes a shimmer- 
ing, translucent veil be ween our observ- 
ing instruments and the Universe. The 
frustrations of this scientific fact have 
given rise to a standing ioke within the 
scientific community. When gmid astrono- 
mers die they go to the airless Moon from 
which they can observe the heavens, 
unhindered through eternity. 

In an attempt to overcome that disad- 
vantage, wc had built our astronomical oh- 
servatories moutain tops in desert 
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regions to position them as close to the 
surface of the ocean of obscuring air as 
possible and far away from man-made pol- 
lutants. We had sent telescopes and instru- 
ments in balloons into the stratosphere. 
Beginning in 1946, we had mounted in- 
strument packages in the noses of war-de- 
veloped rockets and fired them high above 
the Earth where for a few moments they 
could obuin unobscured glimpses into 
the Universe. 



The Dawn of the SfMice Age 


With access to space a whole new array of 
powerful and effective tiKils became avail- 
ab!c to mankind m our quest for an under- 
standing of the nature of our space 
environment and especially of the vital re- 
lationship between our planet and its star. 
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Kitt Peak National Ob- 
servatory in the Qmnlan 
Mountains 56 auies west 
of Tuscm. Arizona. The 
location was chosen for 
its altitude which ts 
above much the oh- 
scurmg atmosphere, and 
fm its-tenmteness.. from .... 
.smsrms # mm -made 


atrmmAme iurfluimis. 
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The ability to observe from outside wavccrests (wavclengthl measured in me* 

Earth’s atmosphere, directly by being there ters, centimeters and micrometers {mil- 
in person or remotely with automated in- lionihs of a meter!. At the other end, 

stn»ments, enables us for the first time to comparable to high notes, arc gamn i rays 

examine the Sun and the Universe in a and x-rays with waveienghs measured in 

systematic way m all the wavelengths and angstroms {one hundred millionths of a 

frequencies of the electromagnetic spec- centimeter!. Somewhere near the center, 

irum. Dr. Herbert Friedman ot the Niaval in the vicinity of middle C. is the narrow 

Research Lalxrratory has suggested the band of visible light which Newton di- 

analogy of the piano as a convenient de- vided into colors with his prism, with red 

vice to understand the electromagnetic light at the low frequency end and violet 

spectrum, lust as the notes on a piano dif- light on the high frequency side. The 

fer from their neighbors in frequency— the wavelengths of visible light arc measured 

rate at which their strings vibrate— and in thousands of ang.strom.s, 4(XM) for violet, 

cause more or fewer wavccre.sts of sound "^000 for red. 

to impinge on the car each second, so do The early years of the Space Age were 

the vibrations in the electromagnetic spec- exciting for scientists, especially for as- 

trum. At the low end <»f the spectrum, tronomers. astrophysicists, solar physicists 

comparable to the bass notes on the piano. and those in related fields. For them ac- 

are radio waves with distance between ccss to space was like the lifting ot a veil 

between then instruments and the 

Universe. 29 



With the ability to dhserve all acniss 

the s|*cciram,, kiMiwlcdge ptwred in from 
cimstariily iraprowimg instruments, tirst in 
ncar-Ea.rth space and later Irom instru- 
mented probes spinning in*|Uis«ively 
throng the stilar system. Evep^ spacecraft 
put up «nt back new and repealing data, 
olten entirely incidbnial to the mission for 
which it was desipied aad intended. 
America's first orbiting spacecraft, the Mh 
paund Explorer 1. Jaunchcxl four months 
after Sputnik, was designed to map the 
Earth's distant magnetic field. Explorer I 
was to do this bv mapping the energies of 
incoming particles that succe«lc*d in pene- 
trating to dittcrem parts of our outer at- 
mosphere and bv observing the boundary 
between the tliHid of incoming particles 
from space and the Earth’s atmt^pherc. 
But. It provided no useful data on that 
suhicet and was therefore, lechnicallv, a 
failure However, what it did do, K means 
or simple radiation counters, was to dis- 
cover that there were very energetic, 
charged particles trapped in bands around 
the Earth far above the upper atimw- 
pherc — the now familiar Van Allen 
radiation belts. 

We learntxl a valuable earlv lesson 
from the technical failure but incidental 
success of Explorer I. We learned that out 
on the frontiers of seicntifie research and 
experimentation, as on the phvsical fron- 
tiers of Earth, the key to success is flexi- 
bility and versatility, a readiness to find 
and exploit the unexpected. To be rigid or 
legalistic IS to invite failure, not technical 
but actual. lust as. rigidlv interpreted, the 
expioratnms of Christopher Columbus 
were failures because the missmn for 
which they were designed, the charting of 
a westward passage to the tinent, was 
not accomplished. 


Reci|ie fot Research 


With the establishment, in W5H of the 
National Aeronautics and Space Adminis- 
tration, a blueprint was developed for the 
orderly and progressive accumulation of 
knowledge concerning Sun-Earth relation- 
ships utilizing our newly acmuired access 
to space. The blueprint called for a phased, 
step-by-step progression, which still guides 
U.S. plans and policies tor space rc'seareh. 

The first pha.se is c.vp/ofuforv— the 
initial gaihenng of data and the taking of 
measurements for the first time. This is 
the stage of Explorer I and the earlv years 
of the Space Age when evci vthing wc 
learned was new, valuable and exciting. It 
is the first voyages of Columbus, with 
new lands discovered every week. .Most of 
the spacecraft used in this phase arc 
“Explorers" or "Ihoneers.” 

The second phase i$ that of ,s«n er. 
when the measurements and data from ex- 
ploration are given shape, dimension, ex- 
tent. In the process of surv’cying it is 
probable that new discoveries will also he 
made, m that there is an overlap between 
exploration and survey, as between all the 
phases of the blueprint. In this phase 
Columbus, having discovered the new lands 
lo the west, began to map and chart them. 
Indeed, some of the spacecraft used in this 
phase are called "Sun evors, " 

The third phase could be called e.v- 
plmuttm-. The attempt to understand phe- 
nomena. functuin. mechanisms and 
effects, of course, takes place during all 
the phases but at this stage, with most of 
the pieces of the puzzle m hand, the effort 
IS to till in the gaps, to determine specifi- 
callv what w'c need to know to under- 
stand. and to acquire that intormation. 
Often, for example, simultaneous and 
identical measurements must be made at 



Widely «parated Iticaiions, or »he same 
B»ejsyi«i»cnis .made at the .sa.me kwaiitms. 
at dififcrent times, based iin data provided 
by previous surveys. 

The final phase is the.upplic<iii«r}. or 
exploitation, of the knowledge gained. 
Wh.cn we hate detefiin.ined the extent of 
the Earth's «iap«i.k field we know how 
and where to send, our spacecraft to Icwate 
and measure the magnetic fields of other 
planets. What we icarn about our Sun 
helps us m our studv tif other stars, pro- 
vides a guide which tells us w*hai to kwk 
for. what to expect. We apply our new 
knowledge to place weather and commu* 
mcatiofis satellites in their most eff«tive 
orbits, to prtjvide advance warning ot geti- 
physical disturbances, and to kigin to 
learn how to harness the f^iwer of the Sun 
tor generating electrical fyiwcr. 


E»f If . .iff nits . .Mid . .Disenyeries. 


The blueprint for research began to unfold 
in 1958 and information began to flow 
back to Earth from a variety of increas- 
ingly capable space vehicles and 
instruments. 

But reliable access to space was not 
achieved instantaneously. .In those early 
years, the bunching process, was a high- 
stakes gamble, with tens of miihons of 
dollars at risk. In the bkK'khouscs at Cape 
Canaveral and later at Vandenburg Air 
Force Base in Caliknnia and Wallops Is- 
land on Virginia’s Eastern Shore, men held 
their breaths and prayed as the coum- 
downs reached zero and the rockets with 
their delicate and expensive instruments 
were abirtcd. Nor did a good launch as- 
sure the success of a mission. Each ot the 


rockets' several stages had to bum out and 
Ignite in precise succession if the paying 
were to enter the proper orhu— or any or- 
bit at all. The guidance systems had to 
function perfectly or the Range Safety Of- 
ficer was obliged to destroy the launch ve- 
hicle to avoid impact in ritusvillc, Merritt 
Island, or Cocoa Beach. And once in orbit, 
the spacecraft instruments had lo function 
as planned, despite the high acederaiion 
forces, the vibrations and the air-f riction 
f-:raperatures of the tnp to orbit. 

In 195B, the Unitrf States attempted 
19 launches. The score:- II successes, 8 
failures- The following year it was 16 and 
-13,- and in 1961 it was better. 29 to 12. 
Nevertheless, it was another dozen vears 
before a perfect m»rc w-as achieved: .h) tor 
m in 1972 . 

But the risks were accepted, the sttircs 
steadily improved, the losses were cut, the 
successes m.ount«^, and mankind's store 
.of knowledge. 'increased at ■ an 

accelerating rate. 

Explorer I was followed by no fewer 
than 49 spacecraft Iwtwecn 1958 and the 
present. They explored and measured the 
ionosphere, confirmed the existence of a 
layer of neutral helium atoms m the upper 
atmosphere; detected solar magnetic influ- 
ences near Earth; compleied a detailed 
study of space between the Earth and the 
Moon (cislunar spacel with special atten- 
tion to solar and cosmic particles and 
magnetic fields, monitored the x-ray and 
ultraviolet emissions of the Sun; investi- 
gated the density, radiation characteristics 
and other phenomena in the Earth's upper 
atmosphere at times of both high and low- 
solar activity; studied the dynamics of 
magnetic storms and auroral displays-, 
mca.sured the numbt-r, size and penetrat- 
ing ability of micrometcroids m space; 
momtored the Sun's.radio noiscj vmd ex- 
amined the processes by which the Earth’s 



atmosphere abstwhs the Sun's ptnemiallv 

lethal uliraeioki rays. 

Perhaps the single most significant 
discovery made collectivelv bv the Explor- 
ers was the existence and general charae- 
tenstics of a fluctuating, elastic, protective 
shell of inapictic force which encloses the 
Earth and ialthough it is not spherical at 
all! is called the magnetosphere. The dis- 
coverv of the magnetosphere followed 
closelv on another comparable significant 
and closclv related revelation — the exis- 
tence of a amimmms flow of hot, charged 
particles from the Sun, called the solar 
wind, which pervades the solar svstem. 
The existence tif the solar wind was con- 
firmed hv particle detectors on Pioneer 5, 
coasting silent Iv between Earth and Venus 
m Istg). and came as a surprise to most 
scientists.* Tinlv a halt a decade before, 
we "knew” that the Sun was quiet most 
of the lime and onlv oecasionallv threw 
off streams of partieies, 

Tire enlightening and somewhat hum- 
blmg discoverv of the solar wind with its 
niaior but yet to be understood role in the 
dynamics of the solar system, reconfirms 
the intuitive genius of the American hu- 
morist hwh Billings who wrote "T'ani't 
what wc don't know, hut what wc know 
that ain’t so, that hurts us,” 

The existence of the solar wind and 
the magnetosphere provides a radical Iv 
new concept of the Earth and its environ- 
ment. We now sec our planet as a hlue 
and white ball enveloped in the invisible 
sheath of its magnetosphere plowing 
around the Sun through the equallv invisi- 
hk* streaming particles of the solar ivind. 
There appears lo be a rather sharp and 
ahnipt boimdaiv |the magncropausci be- 
tween the Earth's magnetic field and cv- 

*St»tss4* hj'J *»■' i''4 itW-jmiK thr t,»«k 

Ktn-Kiv .jiw.iv'* ,!n,n she ssm wheihet 

sIh os Ihtwej > ,»Im* m4«le 

she {i5sc rtse,«<,siSi'SlWf!te ftitssi ■■•I'.kc »*! tfse n^sufe 


erx'thmg bevond it. Cenerally speaking, 
everything inside is part of Earth-sp;icc 
and moves with it. everything outside 
pertains lo the Sun or the Cosmos. 


The Explotvis 


The Explorers and other spacecraft have 
shown that the passage of the Earth 
through the ,solar wind as it circles the 
Sun has shaped the magnetosphere some- 
what like a celestial udpolc, the pressure 
of the solar particles pressing it close to 
the leading or upwand edge of the Earth 
and stretciimg its tail tar out into the 
wake astern. As a blum-bowed barge being 
pushed upstream creates a hump of mov- 
ing water ahead: as an cighiccn-wheelcr 
harrcliiig down the highwai pushes a wave 
of air that rattles approaching cars and 
forces passing ones awav, or as ,m aircraft 
flving at supersonic speeds cicates a shock 
wave of air that wc hear as a sonic boom, 
so dix*s the Earth’s magnetosphere create a 
how or shock wave where it meets the 
prc.ssiire of the solar wind. Thus the inag- 
neiosphere extends out onlv about ten 
Earth radii |64,tKW kilometers or 40.fMMf 
miles! toward the Sun. but is stretched out 
hundreds of times farther down Sun like 
the tail of a comet. 

The Explorers also found that mside 
the magnetosphere, me hiding its extended 
tail, |the magnefotaiH large amounts of en- 
ergy arc stored and flow gcner.illv along 
the force lines of the Earth's magnetic 
field. Explorer insmimems showed that 
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One tii the linee htj'hlv 
•mccexshi} Aimmphete 
Bxphners which stive n>* 
mir fust (nil understiind- 
}iiS i*t the chemiCiSi pro- 
cesses which iKxur when 
ultravioiet riitihiuon 

the Sun striker, the 
EtUfli's hiich atmosphere. 


this energy is derived traai. the solar wind 
by a process we stiii don't trilly. understand. 

In the carlv to midriWO's a scries ot ■ 
three Explorers, were especially designed., 
and down to make detailed studies ot the 
Earth's high. a.tmosphere and its .interac- 
tions with stdar radiation. These space- 
craft, the Atmosphere Explorers, were 
srjprdicant not only tor the value ot the 
data they returned but for the advance 
they represented in the way that data was 
selected, obtained, distributed and used. 
The three Atmosphere Explorers were the 
first such ttxils to exploit the concept of 
correlative or..mte.rdisaphna.ry research hv 
which satellites are in.smimentcd and used 
by a team of scientists w'orking closely to- 
gether,, to mvestigaie a broad, range oi as- 
pects of the same problem. The 
Atmosphere Explorers studied the ionos- 
phere ior exa tnpf c; not in is< »la ti< »n hu t by 
ai*i|Uiring and com’iatmg information on 
the Sun suit ra violet fadiatnw, on cosmic 
ravs and other '•background" emissions 


from the galaxy,.. and. .on the end. pnrfucts 
resulting from the interaction of %rth with 
the high atmosphere of Earth And in an- 
other departure from custom, the informa- 
tion they obtained was ftxl into an on-line 
data system where it was inmtediaiely 
available to all members of the scientific 
team, wherever located, bv means of con- 
venient and relatively inexpensive 
computer terminals. 

The Atmosphere Explorers provided a 
maior milestone in our progress toward an 
understanding of the chemical proccsses^^^^^^^^^^^^ 
which occur when ultraviolet radiation 
from the Sun strikes the Earth's high at- 
mosphere. Current theories about those 
processes ■were re-evaluated and corrected 
and formed the basis for further research. 



Hhe Pioneens 


While the Explorers were investigating the 
nature of near-Earth space, a series of 
eleven Pioneers, ranging farther afield, be- 
gan a reconnaissance of the solar system 
including the Sun, the other planets, and 
the chemistry and physics of the space be- 
tween them. Paralleling the procedures es- 
tablished for the study of Sun-Earth 
relationships, planetary exploration had its 
own blueprint. It called for three phases; 
leconnaissance, consisting of dose '"fly- 
bys" and photography factually "imaging” 
without the use of film); exploration, in- 
volving the use of orbiters and probes to 
map and measure; and intensive study. 
using landers for close-up detailed 
examinations. 

But the Pioneers, although all but four 
were primarily designed for planetary ex- 
ploration, also carried instruments, such 
as those on Pioneer 5 that confirmed the 
solar wind, for measuring the interplane- 
tary medium. Thus measurements by the 
distant Pioneers could be and were coordi- 
nated with similar measurements by the 
Explorers to provide a variety of puzzle 
pieces for eventual integration into an im- 
proved over all understanding. 

Pioneers 6 through 9, launched from 
late 196S to late 1968 into orbits around 
the Sun 'both slightly inside and slightly 


outside that of Earth, acted as long-term 
monitors of the Sun's emissions from 
widely separated points and over long peri- 
ods in the solar cycle. Pioneers 10 and II, 
kunched a year apart in 19?’2 and 19?3 to 
fly by and reconnoiter Jupiter and Saturn, 
made and are still making similar mea- 
surements from hundreds of millions of 
kilometers away as they approach the or- 
bits of the outer planets. Pioneer 10, some- 
time in 1986, will cross the mean orbit of 
Pluto and become the first man-made ob- 
iect to leave the solar system. Pioneer 1 1 
will follow in 1994 but in the opposite di- 
rection. It is possible that the power sup- 
ply, instrumentation and stabilization of 
Pioneer 10 will survive long enough to lo- 
cate the limits of solar radiation, to define 
the distant boundary where the Sun's do- 
minion ends and the empty darkness of 
the galaxy begins. 

A series of enormous storms on the 
Sun in early August of 1972 showed how 

well the Pioneers could work together to 
add to our knowledge of solar phenomena. 
When the storms broke, Pioneers 6, 7, 8 
and 9 were in orbit around the Sun at a 

distance of about one AU, with Pioneer 9 
closest to Earth. Pioneer 10 was some 214 
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as they swept out through space, with Pi- 
oneer 9 recording the highest solar wind 
speeds ever measured, about 3.6 million 
kilometers per hour (2.2 million miles per 
hour}. Three days (76 hours! later, when 
the blast of solar wind hit Pioneer 10, the 
spacecraft's instruments found that the so- 
lar wind had lost about half its velocity 
but that its temperature was about the 
same as that of the solar corona where it 
had originated, about 2 million degrees. 


the Voyagers, with more advanced instru- 
ments and greatly increased capabilities, 
arc following the trail broken by Pioneers 
10 and 11. The Voyagers also are measur- 
ing the qualities of the solar wind as they 
too head for the remotest of the planets 
and out into the void between the stars. 
Voyager J will cross Pluto',s orbit in 1989, 


Pioneer 7 




odyssey tteough space which in all proha- 
Mlity will outlast the existence of Earth 

and man. Although their departure speed 
will be more than 13.6 kilometers per sec- 
ond, or roughly 30,000 miles per hours, so 
vast are intra-galactic distances that at the 
end of 40,000 years they will have flown 
just half the distance to the nearest star. 


Orbiting Solar Observatories 


Still another series of spacecraft, entirely 
different in design and purpose, has also 
served to increase our understanding of 
the Sun in the exploratory phase of our 
learning process. These arc the Orbiting 
Solar Observatories or OSOs, the first of 
which was launched in the spring of 1962. 

There were eight of these observato- 
ries, with the last, OSO-8, launched in the 
summer of 75. Whereas, the Explorers 








Skylab 


The next step in man's study of the Sun 
was truly a giant leap. It was the world's 
first, full-scale, manned, orbital astronomi- 
cal observatory, bigger than a boxcar, 
equipped not with the miniature versions 
required by the size and wei^t limita- 
tions of the OSOs, but with full-size, first 
class observatory instruments and with its 
observations and investigations planned, 
directed, supervised and coordinated by 
the entire international community of so- 
lar scientists. This first American .space 
station and scientific workshop 
was Skylab. 

Skylab weiglied about 91,ttX) kilo- 
grams |1(X) tonsi, was 36 meters |1IH feet! 
long and some 6.7 meters (22 feet) in 
diameter, and contained the most complex 
and varied assortment of scientific instru- 
ments and equipment ever to leave the 

The stiinti.p-hke console which commlkd the 
eight instruments ot Skylab's Apollo Telescope 
Momt. Scientist -mtHmaut Edward G. Gihsm 
of (he fimtl Sk%'kb crew is at the controls. 




atmosphere of Earth. It took the Saturn ¥ 

rocket which launched the Moon missions 
to lift Skylab to its orbit 435 kilometers 


(270 miles) above the Earth. But when it 
arrived there on May 14, 1973, it was use- 
less and uninhabitable, without electricity 
to power its systems and with its interior 
temperature about that of a medium oven. 
Enroutc to orbit, one of its two main solar 
panels designed to provide electrical power 
had been ripped off and the other jammed 
uselessly in the folded position, in addi- 
tion, the Sun shield required to maintain 
the interior at liveable temperatures had 
also been torn away. 

There was real danger that eight years 
of planning and a billion dollars would be 
irrevocably lost. 
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A hujsg solar eruption 
photogtapheii by one of 
the Apollo Telescope 
Mount instruments m 
Sky lab. its size can he 
fudged by the small 
white dot at upper left 
which represents the size 
of tne Earth. 


But on Mav 25th, in a display ot cairn 
competence, engmeenng ingenuity and 
mst plain physical courage, astrtmauts 
Pete Conrad and Uk- Kcrwin climbed 
aboard the orbiting derelict to make re- 
pairs. Using special equipment imagina- 
tively and quickly designed and fabricated 
by NASA engineers on the ground in 
Houston, tlicv successfully treed flic 
fouled sol.;i panel, rigged a substitute Sun 
shield, powered up their orbital laboratory 
and went to work. 

In the following mne months, in 
much the same manner tiiat the Aj^ollo 
explorations rcvolutionced our knowledge 
ot the Moon. Skvlab ''rewrote the hook" 
about the Sun. 

The tools used were an a.'.semhlage of 
eight stdar instruments known eolleetivelv 
as the Aptdh^ Tclesc<»pc M<nint, or .^T.M. 
In the A I M, two x rav tclescope.s exam- 
ined and photographed the low and inter- 


mediate portions of the Sun's corona. 

Three ultraviolet mstrumems studied the 
chromosphere ithe “color .sphere," a thin 
layer bclmv' the corona which, with the 
corona, makes up the Sun's outer atmos- 
phere!. Two Hydrogen-Alpha telescopes 
provided target idcntificatum, pointing and 
reference, and hy using an attached AS mm 
camera kept a continuous record of solar 
conditions and ATM potining. Finally a 
white light eoronograph ttuik high-rcsohi- 
tion photographs of the corona m visible 
light Each of these mstrumems was the 
most advanced of its ivpe ever flown 
m space. 

This entire battery of instruments 
could he f oimed with a precision which 
could define the width of a dune at a dis- 
tance of a mile and a quarter. 








One of the major advantages of Skylab 
was that because it was operated by hu- 
man crews who eventually returned to 
Earth, its observations could be recorded 
on film rather than transmitted in mil- 
lions of ''Mts'' by radio. In 3MU orbits in 
1:7 1 ; days: of manned ^ operations,: more than 
1 SO^ttli observations, were: recorded on 
film and brought back by the returning as- 
tronauts. It should be noted here: that im- 
provements in imaging technology since 
Skylab have reduced the relative advantage 
of using film, as witness the vivid and in- 
formative pictures returned by the 
Voyager spacecraft. 

The Skylab crews worked closely and 
continuously with scientists and observa- 
tories on the ground, exchanging data, oc- 
casionally alerting one another to budding 
solar phenomena, consulting and advising. 
Skylab proved not only that man could 
live and work competently for long peri- 
ods in space (the third crew stayed for 84 
days) but demonstrated the versatility and 
flexibility provided by the human pres"< 
ence. Skylab astronauts not only saved the 
entire project, they reloaded film packs in 
spacewalks outside the station, repaired 
and replaced cameras, freed jammed filter 
wheels, rc -opened external doors that 
failed in the closed position blinding 
instruments, replaced television tubes and 
modified equipment to improve 
performance. 

The Americans of Skylab saw the Sun 
as no human beings had ever seen it 
before, and the mass of knowledge they 
acquired, although quickly and thoroughly 
disseminated, has hardly begun to be used. 

Because of Skylab we 1 ivc a new un- 
derstanding of the complex and important 
relationships between the various layers of 
the Sun's atmosphere. 

Skylab's instruments examined 
coronal holes first reported by the OSUs 
and impossible to view from Earth, which 
may prove to be of more significance to our 
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planet and its inhabitants than any other 
solar phenomenon as sources of high-speed 
jets of solar wind. The later observation of 
one such jet illustrates the effectiveness of 
scientific teamwork for the acquisition 
of knowledge. 

In late lanuary of 1974, Explorer 47 
(also designated Interplanetary Mo iitoring 
Platform 8 or IMP-81 detected and mea- 
sured from far out in space a high speed 
stream of solar wind originating fiOm a co- 
ronal hole observed and photographed by 
the last Skylab crew in low Earth orbit. 
Alerted by IMP-8 and Skylab, scientists on 
the ground at NASA's joint Observatory 
for Cometary Research recorded distor- 
tions in the tail of Comet Kohoutek as the 
solar wind stream swept across it. Four 
days later, as the rotation of the Sun 
aimed the coronal hole at Earth like the 
nozzle of a garden hose, the solar wind 
stream collided with Earth's magnetos- 
phere, and ip^ound-based instruments 
recorded a strong geomagnetic storm. 

Perhaps most spectacularly, Skylab 
discovered the coronal transient — colossal 
bubbles of coronal material bigger than the 
Sun itself which blast out periodically 
across the solar system at millions of 
miles ah hour, 

Skylab was the most intensive effort 
in all of history to increase man's knowl- 
edge of the Sun. It rewrote the book on so- 
lar physics and that rewriting will go on 
for years. It has been estimated that more 
than three-quarters of all the active solar 
physicists in the Unhvd States (to say 
nothing of those of t ;n,er nations) have 
been or will be involved in some aspect of 
Skylab 's observations. But perhaps as im- 
portant as the new knowledge it brought 
us is the knowledge which it showed us 
we need. And shortly after the last Skylab 
crews had splashed down in the Pacific wc 
moved to seek that knowledge and the 
age-old effort to understand continued, 



A giant prominence 


empts from the Sun md 
is caught by Skylab’% 
cameras. Teripetatures 
in the huge imp vary be- 
tween 20,000 and 70,000 
degrees. Its dosed shape 
show evidence of strong 
magnetic lines of force. 
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Helios 


Manned operations from Skylab ended 
early in February of 1974. In early Decem- 
ber the next major effort to unlock the se- 
crets of the Sun began with the launching 
of the first part of a two-spacecraft mis- 
sion called Helios. 

Helios is a joint U.S-West German 
project approved by President Johnson and 
Chancellor Erhard in November of 1966. 
Under the terms of the agreement Ger- 
many provided the spacecraft themselves 
and seven of the 10 on-board scientific in- 
stmments. The United States -irovided the 
launching rocket, launched the spacecraft, 
maneuvered them into their designated or- 
bits around the Sun, tracked them by 
means of NASA's Decjp Space network and 
provided three scientific instruments. 
Generally speaking the United States put 
the German spacecraft where they were 
supposed to be and then turned them over 
to German control. Each country analyzed 
the data from its own instruments. The 
second Helios was launched 13 months 
after the first, in mid-January, 1976. 

The scientific purpose of Helios is to 
study the composition, density and 
dynamics of the solar wind, space plasma 
(ionized or electrically charged gasesi the 
magnetic and electrical fields, cosmic rays 
and cosmic dust, closer to the Sun than 
human instruments had ever gone before. 
Both carry instruments which can differ- 
entiate between plasma particles which 
originate in the Sun and those which 
come from the galaxy. At the closest 


points in their orbits about the Sun 
(perihelion) they approach to within about 
three tenths of the distance from Sun to 
Earth (.3 AU( or about 43 million 
kilometers (26 million miles). 

Although the two spacecraft approach 
almost equally dose, they are widely sepa- 
rated m space, usually on opposite sides of 
the Sun. With Pioneers 6-9 at one AU, Ex- 
plorers 47 and 50 looping around the Earth 
in orbits which take them far out into 
space and then back to graze our atmos- 
phere, and with Pioneers 10 and 1 1 and 
Voyagers 1 and 2 sailing past the outer 
planets, Helios forms part of a battery of 
instruments which give us simultaneous 
measurements of the same phenomena 
from the heart of the solar system to its 
frozen outer fringes. From such measure- 
ments we know that at .3 AU the solar 
wind is relatively dense and structured; 
whereas Pioneer 10 has told us that at 24 
AU it is thin and disorganized, demon- 
strating an attenuation over the billions nf 
kilometers between, and the probability m 
an eventual limit beyond which it yields 
to the interstellar medium. 

With its instruments three times as 
dose, Helios has even been able to im- 
prove on the understanding of the Sun's 
corona that we acquired from Skylab. 

Readings from Helios have also pro- 
vided scientific surprises. They show that 
at one-third the distance from Sun to 
Earth there are four times as many micro- 
meteroids in space than at the distance of 
Earth's orbit, and that their chemical com- 
position differs, showing that they come 
from different sources. Another surprise 
was that the flux, or rate of flow, of the 
particles in the solar wind is 15 times 
higher at .3 AU than at 1 AU, a much 
greater increase than was expected. 



and Switzerland. The nanm* of the rmsiikin 
was Internaiinnal SunTarth Explorers 
or ISEE, 

ISEE was an amhiiious.aiid inmiearive 
proieci,. involving coordinated observations 
by three spacecraft in tviddy separated and 
hi«:hl>‘ timisu.il orbital lt»c.itions. with the 

U S. responsible tor the first ,ind third ele- 
ments and the Euro|X'ans tor the second 
In ill three spacecraft the insmimcnts Nk 
detecting and idcmitving plisin.is in space 
were 10 times more sensitive th.in anv 
ever tlown bettue. 

The tirst launch placed the iiist two 
spacccr.itt. ISeE-l and lStt-2 in the same 
highly elliptical Earth oihu with .i closest 
point iperigeel ot 480 kilometers (OtM) 
miles! and a highest point japogeel of al- 
most 14f»,tK10 kilometers miles!. 

.Although in the same otbit. they were so 
controlled as to maimam a separation o! 

I tv I to MXX) kilometers \(fl to .IhXJ miles*. 
This long, looping traicctorv sent them 
huttlmg with tluH s|U'ctal instruments 


This ai-hemalte ot the 
tSB£ nmsH'm sJioivs the 
bitpmx mbits ot ISbf, A 
and B mmv I and 2l as 
thei %kim the iittth and 
then pass nut of the 
tiht^netospheie. ami ISl I 
t ‘ mow Jt hit out Jl she 
lihiaUm) pfHiil lu lls <vi> 
taiJi and sim "ot dta sen 
fo seaiei 

first deep into the ionosphere ami then far 
out toward the Sim, cutting through the 
magnetopause boundatv Ix'twcen near- 
Earth ami imcrplaiictarv space I hen .sepa 
ration enabled them to make the same 
measurements at ditterent locations at the 
same time and to observe at the same- 
locations at dittereni times. 

Some 1 4 months alter the first twi» 
spaeeeratt began ope-ratums. they were 
tinned ui space bv the tlmJ It took ISEE t 
days to rc.ieh its station, the most un 
usual ever assigned to a spaceetatf l or 
two and a half moiuhs it flew sttai.ght out 
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toward die Sun— -t«r a miriicm miles— ^an- 
til it reached a locatitm, called a lihration 
point, where the gravitational attraction ci 
the Sun prccisfely «|uals that ol the Earth- 
Moon system. Once there, its onboard pro- 
pellant system was directed to put it in a 
circuhur orbit around that point but above 
and below it, in a plane vertical to the 
ecliptic, so that to an observor on Earth 
who could see. a miUiem miles, fSEE-3 
would appear to he circling the Sun. 

From this ttnii|ue kxation, ISEE-3 acts, 
as an early warning station for ISEE-I and 
ISEE-2 and for Earth. Its instnimcnts con- 
tinuously monitor the solar wind and 
other particles ejected from the Sun as a 
result of solar flares and prominences, co- 
ronal transients and other phenomena. 
Since it is a m.iIIion mifcs from Earth and 
most solar panicles travel at a million 
miles an hour, it picks up those particles 
and magnetic field structures a fell hour 
Wore they are recorded. by ISEEs 1 and 2 
in Earth orbit, and before they are affected 
in any way by terrestrial influences. 

As a practical matter ISEE-3 provides 
advance warning of disturbances in com- 
munications and other man-made tcchnol- 
c^cs as a result of solar phenomena, 
especially solar flares. 

As a scientific matter, the data pro- 
vided by ISEE complements that from the 
Atmm^herc Explor.rs. Whereas the AEs 
brought us new knowledge of the chemi- 
cal processes in the high atmosphere 
caused by the Sun's ultraviolet radiation, 
ISEE investipteu the interactions !'rtween 
the solar wind and the outer reaches of 
gcospacc which create the mapictosphere. 
In the course of that investigation, ISEE 
has observed the constant motion ol the 
magpetosphere as it expands, contracts 
and changes shape in reaction to the solar 
wind. It has also measured the acedcra- 
tion of particles. kith into the magneto- 


sphere from the Sun and back toward the 
Sun from Earth, and recorded explosive 
mergings between the mapietic ficlt^ of 
Earth Sun. 

Thus ISEE, like Skylab and Heli«, the 
OSOs, the Exploiere and the. iW«iee.rs— 
and like their ancestors the medicine 

wheels and the primitive stone otervato- 
lies, is providing i» with more pities to 
the purzk which, whoi fitt«l Aether, 
will pve us the undemanding man I«b 
always souj^t... 


^Iir Maxininiii Mission 


With the trio of ISEE satellites still mak- 
ing their, coordinated measurements of the 
Sun's radiant energy and its effects on the 
environment of Eart.h, anoriier spacecraft 
was launched into near- Earth orbit with a 
battery of advanced, instruments designed... 
primarily for the detaiW study of solar 
flares which directly influence the pbe- 
nomena being measured by ISEE. 

The new spacecraft, launched in mid- 
February of I9TO into a circular ortiit 5?0 
kilometers |310 miles} above the Earth 
was part of a 19-month, 13-nation scien- 
tific project to study the Sun at the period 
of maximum activity in its 1 1 -year cycle 
ISkykb, seven years before, had seen it at 
its least active}. The international proicct 
was known as the Solar Maximum Year 
(August 1979 to February 1931! and cixv- 
dinated investigations and observations 
from pound observatories and sounding 
rockets as well as satellites. The new 
spacecraft was thus named Solar Maxi- 
mum Mission or "Solar Max,"...... .. 
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So]ar Mux at wtvk. 


Solar Max is the first in a new j^encra- together under the ctmtrol of an on-board 
ti«i of satellites called Modular Multimis- coinpttter,: fere«inpk, when one sensor 
Sion Spacecraft, with standardized, with a rclatiwly broad field of view dc- 

prepackaged components hit power suppiv, tects a spot <wi the Sun's surface emitting 

attitude control ^pointings, data handling the hard x rays which denote the fcepn- 

and communications, all mounted on a wings of a flare, it signals the position to 

standard frame onto w hich any desired in- thitx other more narrowly focused instru- 
strumc-nt package can simply he bolted ments which instantly slew around to 

and plugged in. The new spacecraft alst>,t.s;: ,, ;0,l;Kseiyei:the:Spot in other wavelengths, 
desired to ik picked up in orbit by the The seventh instrument measures 

Space Shuttle and retunnK'd to Earth, or for variations in the total output of electro- 
thc simple replacement of its instrument majpictic radiation by the Sun (the solar 

module by Shuttle astronauts. constant! with an accuracy of plus or mi* 

Six of Solar Max’s seven instruments nus one tenth of one percent. Nothing 

focus in on the development and the phvs- could be more important to life on Earth 

ical prtKcsses of solar flares, observing than the solar constant, a reduction of six 

simultaneously for the first umc m wave percent would freeze the oceans solid, 
lengths from gamma rays ail the wav There is evidence that over a pentwl of 

through x-ray and ultraviokt to visible red 
light. And those in.smimcnts work closely 
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PACE 


The two Dfa*tmifs Ex- 
plmem m low and hi^ 
polar mbits mmsming 
and ohsenmg the 
Earth's auroras simuJta- 
netmsly frmn wtthm and 
from far almve. 



This tnanglc diagram shtnrs the wav m which 

the Atmasphere fxpimers. the Inlematimtal 
San-Eartb Exphner* and Dvnamics Explorer isork 
tfigcther to gn'c ii< an unJcr^tanJtng oi the m- 
teractinm helwcen yolar radiation ami the Earth's 
atmosphere, ttmosphere and magnetosphere. 

centuries the solar constant docs vary sig- 
nificantly. Solar Max is designed to tell us 
how much and how often, it has already 
seen small decreases in the solar constant 
lasting about a week and apparently re- 
lated to the nuralxr and areas of sunspots 
(when there are many sunspots, the solar 
constant decreases slightly.! 

But why should we tsc concerned with 
flares on the surface of the Sun, invisible 
to the naked eye and 93 million miles 
a way.;.. Because, flares on the Sun have di- 
rect and generally predictable effects on 
life on Earth. And because of the possibil- 
ity that an understanding of the processes 
in solar flares, spceifically affects the way 
in which their ICM)-miiiion degree temper- 
atures are confined and controlled by mag- 
netic forces, and could teach us how to 


confine the heat of the plasma fuel in fu- 
sion reactors and thus end the energy 
shortage on Earth, 

During the mission d Solar Max, 
flares and prominences and the sunspots 
and magnetic fields with which they arc 
associated, are at their mtKt numerous and 
most active, writhing and looping far out 
into space and causing geounapietk 
stomns on Earth with showers of charged 
particles which light up the Polar skies, 
overload power and telephone lines, blow- 
out tiansformcrs. disrupt cable communi- 
cations, degrade the performance of de- 
fense radars, endanger astronauts, 
cosmonauts and even passengers in high- 
flying airliners, and disrupt the ionosphere 
so that short range radio transmissions 
carry for long distances and long range 
messages, get. .nowhere.- . . And there, .are . .other 
effects which we stnm^y suspect but can- 
not yet prove, including weather and cli- 
mate changes. When Solar Max cora.pletcs 
Its mission and the data are analysed and 
matched with those from ISEE and the 
other facilities around the world dedicated 
to the &»kr Maximum Year, we should 
have a greatly improved understanding of 
the Sun, its flares, and the steadiness 
of its radiation. 

Solar Max has already discovered that 
the solar constant is not really constant at 
all but does vary by measurable amounts. 
And It has proven by observation at least 
one previously entirely theoretical concept 
related to the generation of flares. There 
also are plans to bring Solar Max back to 
Earth, refurbish, refit, and relaunch it in 
the middle eighties to inyesHgate the 
Sun's large scale ma^etk fields and the 
three-dimensional structure of the corona. 
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I>yiiaiiiic$ Explovef 


In the spring ol 1981, another dual space- 
craft mission was about to begin. It is in a 
sense a iollow-cm to ISEE and the AtmtB- 
phere Explorers of the seventies. Where 
the AEs investigated the production of the 
ionosphere throu]^ the interactions be- 
tween solar radiation and the atmosphere, 
and ISEE studied the production of the 
magnetosphere through interactions be- 
tween the solar wind and the outer 
reaches of gcospacc, the new mission. Dy- 
namics Explorer, dosed the loop, examin- 
ing the couplings and interactions between 
the atmosphere, the ionosphenr and 
the magnetosphere. 

mmm. mm 


Both DEs will be in polar, not equato- 
rial, orbits, one very high, one low. The 
* )w spacecraft will measure the energetic 
particles and characteristics of the Earth's 
high atmosphere with special emphasis on 
the polar areas where the auroras occur. 

Its hi^ partner will simultaneously ob- 
serve from a distance. In effect one 
watches and measures from aloft while 
the other flies through the area of interest, 
measuring directly. Together they should 
enable us for the first time to understand 
the nature of the daring auroral displays 
which have awed, intrigued and fri^tened 
people for a million years. 
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The Space Shuttle orbiter COLUMBIA, 
mated to its huge external fuel tank and ns 
two solid tiKket bnmters as n arrived at the 
launch pad to prepare fm its tmt (light. 
Shuttles large cargo hay and weight capacity 
ml! permit bigger, more capable spacecraft 
m orbit to studv San Eartb relammships. 
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By the spring of 1981 the Space Age was 
in its twenty fourth year. For nearly a 
quarter-century mankind had been explor- 
ing and surveying the space around his 
home planet (geospace) and intensively 
studying his local star, the Sun, from 
newly acquired and unobstructed vantage 
points far beyond the atmosphere of Earth. 
Now, in the decade of the eighties the cm- 
phasi.s in humanity’s unceasing effort to 
understand the complex relationships be- 
tween Sun and Earth has shifted. Although 
some exploration and surveying remain to 
be done, the concentration of effort has 
turned to explanations and understandings 
of that which had already been discovered, 
mapped and measured. Increasingly, re- 
search programs and projects in solar-ter- 
restrial rcktionships are designed to 
obtain data with which fairly specific 
questions can be answred, to delineate 
the pieces needed to fill the gaps in the 
puzzle and to complete the picture. 

Between 1957 and 1981 we had added 
to the storehouse of human knowledge to 
a degree never equaled in any comparable 
period of rime. It has been calculated that 
our ability to receive and analyze the var- 
ious wavelengths of the electromagnetic 
spectrum radiating from the Sun and other 
sources in the universe increased during 
those years by 16 orders of magnitude, or 
160 times. But there was still infinitely 
more to be learned than was known, even 
in the relatively restricted field of Sun- 
Earth interactions. In the words of the 
Nineteenth Century English biologist T. 

H. Huxley, “The known is finite, the 


unknown infinite; intellectually we stand 
on an islet in the midst of an iUimi table 
ocean of inexplicability... Our b.mmess.,.M... 
every generation is to reclaim a little 
more land. ” 


Research Goals 


The human generations of the final fifth of 
the Twentieth Century have selected spe- 
cific areas of the unknown for reclamation 
One is the exact nature of the nuclear 
process that drives the solar furnace and 
produces its energy. Wc think we know it 
in a general way — the conversion of hydro- 
gen to helium with a resultant release of 
energy. But there is an unsolved problem 
with this explanation. If the calculations 
of nuclear physicists are correct, such a 
nuclear reaction should release predictable 
quantities of sub-atomic particles called 
neutrinos that travel at the speed of light 
and have no mass (weigh nothing). But the 
best measurements we arc able to make 
show only about one third as many neutri- 
nos coming from the Sun as our calcula- 
tions show there should be. 

Are our measurements faulty- 
Is our knowledge of the nuclear pro- 
cesses which generate neutrinos deficient? 

If our measurements arc tru.srworthy 
and our nuclear physics reliable, there is 
something important wc don't understand 
about what is happening in the unimagin- 
ably hot, dense and turbulent interior of 
the Sun where the energy is generated 
which bathes the Earth and geospace. 

A second area of knowledge which 
needs to be reclaimed is the way in which 
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the Sun's energy, direct and indirect, is 
generated, stored, transformed and. released... 
in the fluctuating, interactive and complex 

space envirtMiment of our .planet,. .The . .ex- 

ploratiom and surveys of the last 24 years 

have given »s a sketch . and . a. .few . .key 

pieces of the puzzle. We need now to fill 

in, flesh out and ..color.. to ...complete 

the picture. 

Finally, . .how. . do . the. .energy. . p.iwes8e.s. 

in geospace affect modem, technological 
human socictyl... What. .are. the. .cause and ef- 
fect relationships between the interaction, 
of solar and terrestrial energetic particles 
and the weather and climate on Earth 
which so directly atfect us all? We want to 
know what gives the Sun its eneigy, how 
that energy reacts with the Earth's envi- 
ronment in space, and how those reactions 
affect us as the dominant life-form on 
our planet. 

We already know that radio waves 
from commercial power lines are strong 
enou^ to alter som.e characteristics of 
Earth's natural radiation belts.* There is 
strong evidence that fluorocarbons, rising 
to the stratosphere from millions of conve- 
nient aerosol products, are thinning the 
ozone layer which shields us from damag- 
ing ultraviolet radiation. And carbon diox- 
ide discharged into the atmosphere from 
the burning of coal, oil and gas could very 
well change Earth's climate in harmful 
and potentially disastrous ways. 

So we need to know not only how the 
Sun affects the Earth's near-space environ- 
ment, but how we ourselves affect it as well. 

•iiRtials mu - inm Am.«t.ia4 hj-vs.- 

ttigjcftcJ radii) cmi-MoR!- cal ltd whivilcr'" roultinc (tum 
the discharii'. id rwti,ral cnerpe- out m the 
and einiilar triKRcnns h,ie heeii t.uiwd ht f>nv»rt hnc*. m 
Canada The long term efteet i>t thi- phenomena 

IS not known. 


to driving for these re«arch goals in the 
decade of the eighties we will have the use 
of a new tool which will expand all our 
capabilities in space — the new Space 
Transportation System or reuMahlc' Space 
Shuttle. Launched like a rocket but land- 
ing like an ai,rcraft, the Shuttle orbitei^ 
tie first vehicles ever desipied to m,anen- 
ver in both air and" space. 

Wi.en the Shuttle first flew in the 
spring of 1981 it opened a new era in 
space transportation, an era of regular, 
practical, economical manned access to 
space, an era in which for the first time 
space, like the sea and the air, becomes an 
environment in which man can live 
and work. 

With its huge cargo bay, 18.3 meters 
long and 4.6 meters in diameter feet by 
15 feet}, its eventual payload capacity of 
almost 30, (MM kilograms (65, ®M pounds}, 
its ability to perform final checks in orbit 
and to repair, replace or retrieve orbital, 
payloads. Shuttle provides new and revolu- 
tionary capabilities. Designers and engi- 
neers no longer must go to the expense of 
building spacecraft for extreme reliability, 
with redundant systems, which will last 
almost indefinitely and yet must be folded 
into the nose of a rocket, must withstand 
large accelerations and vibrations during 
launch and then deploy and "turn on" 
in orbit. 

Four hundred and cighty-sevcn Shuttle 
flights aic scheduled m the next dozen 
vears with approximately a launch a week 
when operations reach their full tempo. 
This volume of space traffic and the Shut- 
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tie's reuseability will bring the cost of put- 

ting payloads in space far below that of Solar Mesophere Explorer (SME) 

today, when the entire very expensive - 

launch vehicle is discarded with every 

flight. It is estimated that Shuttle launeh The first step will be the launching 
costs for a given payload will be from one- of the Solar Mesosphere Explorer, a space- 

third to two-thirds that of expendable craft designed to tell us how the distri- 

rockets. This means that for a given button of ozone is altered by changes in 

amount of money wc can put a more capa- incoming solar radiation and, secondarily, 
ble spacecraft in orbit. to obtain measurements of changes in 

Using both expendable launch vehi- the density of the protective ozone 

clcs and the Shuttle during the transi- between altitudes of .^0-80 kilometers 

tional years, the search for a betrer (19*50 miles! and the causes of those 

understanding of the processes and inter- changes. We know that above and below 
actions in the middle atmosphere (mesos- 
phere! IS planned in two consecutive and 
complementary steps. 
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Soiat Memsphere Ex-., 
plorer 5SO kihmeters 
(340 milesf above the 
Earth studying atmos- 
phere ozone, the pro- 
cesses which form and 
destroy it and the ways 
solar radiations 
change it. 



those altitudes the distribution of ozone 
changes very shwly, with the seasons; 
but, in the area between, distribution is 
governed primarily by photochemical pro- 
cesses in which ultraviolet radiation from 
the Sim is the maior influence Since SME 
will be flying at the period of maximum 
activity in the solar cycle, it will be able 
to measure the effects of maximum yaria- 
tionsdn ultraviolet energy. 

With that knowledge we will be able 
to take an important step; the study of the 
radiative, chemical, and dynamic interac- 
tions, not separately or at separate levels, 
hue as they iKcur throughout the entire 
upper atmosphere The vehicle by which 
that step will he taken, still in the stage of 


advanced planning will be two Upper At- 
mosphere Research Satellites. They will 
have three goals: 

111 to understand what controls the struc- 

"turc"of the upper atmosphere^''' 

|2) to understand how the upper atmos- 
phere responds, reacts and adjusts to 
both solar and man-made disturbances 
(such as pollutants); and 
|31 to understand the relationship of the 
upper atmosphere to weather and cli- 
mate on Earth, 


SI 
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The Space Skunk arbiter 
using its manipulator 
aim to retrieve a satel- 
lite for repair, refurbish- 
ment or return to Earth. 



Upper Atmosphere Research 

Satellite (UARS) 


The Upper Atmosphere Research Satellites 
will be launched hy the Space Shuttle in 
the mid-eighties and will have lots ot sci- 
entitic company in space. They will be 
members of a team of far-flying, auto- 
mated extensions of human intelligence 
which for the first time will be able to 
look simultaneously at the complete Sun- 
Earth energy chain. UARS and their orbit- 
ing peers will see, as an integrated whole, 
first, the origin, election and flow of en- 
ergy and matter from the Sun through the 


solar system,- second, the interactions bc- 
tv .n that flow and the Earth's magneto- 
sphere; and tinally, the reactions of that 
energy with our up'.r atmosphere. 

There will be two other chief ele- 
ments in this task force of space vehicles 
if our present plans are carried out. The 
first, the Internatitmal Solar Polar Mission 
lISPM! is the bolder and more dramatic, 
but the other, Origin of Plasmas in the 
Earth's Neighborhood iOPEN), balances 
those qualities with the complexity of 
four spacecraft and with ambitious, 
advanced technology. 


,^1 


An artist’s concept of the 
Solar Polar spacecraft ap- 
proaching the suit. 
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International Solar Polar 
Mission (ISPM) 


As its name signifies, the Solar Polar Mis- 
sion will look at the north and south poles 
of the Sun— -active, interesting, important, 
solar areas which we can see from Earth 
only at a sharp angle. The ISPM spacecraft 
will look down on them from a distance of 
about one AU. To do that they must be- 
come the first spacecraft to fly out of the 
ecliptic, the plane in which the Earth and 
all the other planets and moons in the so- 
lar system revolve around the Sun. 

To envision the ecliptic, think of a 
long-playing record album. The Sun is in 
the hole at the center with the edges of 
the hole tracing its equator. The planets 
move around the Sun in the grooves of the 
album— Mercury, closest to the Sun, then 
Venus, Earth, Mars, Jupiter. Saturn, Ur- 
anus, Neptune and Pluto, in that order. ‘ 
(There is an easy way to remember the or- 
der, just use My Very Easy Memory/ogging 
System Using Nine /laneis.l The album is 
the ecliptic, and thus far all our spacecraft 
have "stayed in that plane. Bv.f the Solar- 
Polar voyagers will soar up over it and 
down under it, with both spacecraft pass- 
ing over both poles of the Sun. 

According to plans, the t wo space- 
craft, one provided by NASA and the other 
by the European Space Agency (ESAl, will 
be launched in sequence from the Space 
Shuttle in near-Earth orbit on a 16-month 
flight '(within the plane' of the ecliptic} to 
Jupiter— away from the Sun. On that first 
leg one will be trailing the other at a dis- 
tance of only about three million kilome- 
ters il.y miliion miles! so that their 

Thi' I*. .1 ‘•impiifii t! u-.cJ unh- ,i- m aid fa 

utiidi's'.t.iiHlin,: I’l.inct.m atbil- li>t .m mu tin-lf. 

hut dli}'"i.”- .md thv vi.tU- <>i distatitv hctwvt;n pbin:)'. 

hi- iirciitK lamprci'-fd 



instruments will be able to measure iden- 
tical solar wind characteristics as first one 
and then the other passes a given point. 


As they approach the colossal, whirl- 
ing gas ball of Jupiter — with more mass 
than all the other bodies of the solar sys- 
tem, excluding the Sun, combined — the 
two spacecraft will separate to pass closely 
on opposite sides of the giant planet in 
such a way that Jupiter's immense gravita- 
tional pull will hurl them, like stones 
from a slingshot, "up" and "down," out of 
the ecliptic and back in long elliptical tra- 
jectories toward the "top" and the 
"bottom" of the Sun. 
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spacecraft approaching 
the Sun from high above 
the ecliptic in previously 
untravelkd space for a 


The Solar Polar spacecraft will pass First, the solar poles are dominated by 

simultaneously over the north and south the large coronal holes first observed by 
solar poles, then swoop on opposite courses, the OSQs and confirmed and examined by 

"up" an 1 "down" through the ecliptic to Skylab, It is from such coronal holes that 

change | laces, so that each spacecraft hi^ velocity solar winds and intense mag* 

passes over both poles wichin a peritKi of neiic fields are elected to sweep the solar 

six months, before being flic'g by the system. Because of the slower rotation rate 

Sun's gravity back toward Jupiter. Total of the Sun and weaker magnetic fields at 

time from launch to the second polar pas- its poles, the solar wind from the poles 
sages— four years and four months. should be simpler in density and direction 

What do we expect to gain from this and more representative of that which per- 

truly epic scientific adventure? varies interplanetary space than the more 

In general wc wdl gain a better under- complicated wind from lower solar lati- 
standing of some of the most important tudes which carries most of the particles 

sohr phenomena that shape and control which strike the atmosphere of Earth, 

the space environment of Earth. 

Speciiically we will add to our knowl- 
edge m three areas of great interest. 



Second, the passage -of the spceeraft 

out. d die ecliptic plane will enable their 
insiiumcnts to examine the full $p««Jrmi« 
of cosmic rays flowing through the sokr 
system from interstellar .space w.ithoutjii- 
terfeience tom the spiraling im'pi.ctic 
field of the Sun in the ecliptic p.krte. This 
is important because cosmic rays — ^hij^t- 
veiocity nuclei of heavy atoms — arc essen- 
tially messengers which carry information 
that we cannot obtain tom any other 
source about the galaxy beyond the 
solar system. 

Finally, the Solar Polar Missuin will 
allow us, for the first time, to study the 
Sun itself from an entirely diffcrent view- 
point. Among other things we will be able 
to examine the three-dimensional struc- 
ture of the corona and the ways in which 
it changes with time. By studying them 
from above the soiai poles we may also be 
able to determine whether or not the huge 
coronal transients photographed so spec- 
tacularly by Sky lab are assiKiated with the 
solar flares which wc know affect radio 
communications, pttwer lines, and other 
similar man-made systems on Earth. 


Origin of Plasmas in Earth’s 
NeighiKMhHDHDd iOPEMI 


While the Stilar Polar spacecraft are wing- 
ing between the planets and k»ping 
around, the Sun., another mission, closer to 
Earth, is planned to furnish complemen- 
tary data, supplying 'other' puzzle ■■pieces' -to- 
help complete the picture of Sun-Earth en- 
ergy interactions. That mission is Origin 
of Plasmas in Earth's Neighborhood 
(OPEN!. OPEN'S four .spacecraft and thesr 
computerized gn;uiiu iaciiities at NASA's 
Goddard Space Flight C'cntcr m .Maryland 
will provide for the first time a means ot 
collecting data on simultaneous c'-cnis 
tlimtighout the whole complex, changing 


. imd..tocracfi.iig.mydpfwE‘ pf ge«pacc. 
Where previous sfwcs systems will ha'vc"" 
tumiAed singl«-p»int meastwements 
which can be lowied to tom a skctcfi, aan 
outline, it will be OPE.N's task to tram* 
foim tbit s ketch into a compmhcnstve 
and comprehcttsibk blueprint. 

What wc hope to able to pin tom 
that blueprint are three key fseces of 
knowledge which together can unlock the 
secrets of the nature of geospace and its ef- 
fect on the Earth and its inhabitants. The 
first key is an accurate assessment of the 
flow of energy and mass throughout 
gcospacc. The second is an understanding 
of the way in which the various compo- 
nents of gcospacc interact and of their 
cause and effect relationships. The third 
key is an assessment of the effects of geo- 
space phenomena on the lower levels ol 
our atmosphere where wc live. 

By the mid-1980s the steady advance 
of U.S. technology-, sparked by the 
uniquely American teamwork of govern- 
ment, industry and the academic commu- 
nity, will have provided OPEN with two 
new advantages — greatly improved instru- 
ments and 5 pace Shuttle launching. 

Recent advances in instruments 
which measure space plasma have given 
us the ability to determine the propcities 
of plasma, to distinpiish between dhffetent 
types of charged particles and to measure 
tTcctric and magnetic fields with the broad 
range and high resolution required to solve 
the complex problems ol gcospacc. 

The roomy cargo bay of the Space 
■ Shuttle,- ■ -and its .ability . .to. .lift. .heavy , pay- 
loads into aear-jEarth orbit, permit the 
3PEN satellites to be larger and heavier 
than previous spacecraft and to carry theit 
own propulsion system.* with, ample sup- 
plies of fuel for adiusting or 
changing orbits. 



Thus the OPEN spacccrali w;ll k' d- 
tectiwdy eompact, spacebtirae, autora tied 
lahiwaiciiics as opptm*d m previous scicu- 
tilic satellites which haw k:eii cssei»tialh* 
measuring insimmenis. 

The four OPEN living uns will k- 
placed in unusual and changeable orbits 
t)ne, the Intcrplanetarv Phvsics Labo- 
ratory or IPL. will soar out >.S inillton kil- 
ometers [A million miles’ ahead ot the 
moving Ea;tl. and take up a halo ” orbit 
similar to that ot IStE- ^ the libration 
pomi between Earth and Sun where the 
forces ot gravitv arc equal. There it will 
measure the incoming soh. wind, mag- 
netic liclds and particles, and act as an 
carlv warning station tor its sisters 

A second, the Polar Plasm.a Lahora- 
torv. or PPL, will read solar wind entrv 
into the magnetosphere, the output ot par- 
ticles from the ionosphere and the deposi- 
tion ot energy into the Earth’s atmosphere 
at high latitudes It will take those read- 
ings trom a hniping orbit which carries it 
over both the poles ot Earth, tirst with an 
apogee (maximum altitudel ot ‘■MIOOO kilo- 
meters (,s6.t)00 miles' and later with an 
apogee ot tmlv 2s,{H)0 kilometers ( l6.tKKl 
miles'. While the PPL Iinips around the 
poles, the third spaeccratt, the Equatorial 
Magnetosphere Laboratory, or LML, will 
orcle Earth's equator at altitudes between 
dMMI and 70.CXM1 kilometers |dMMl to 
41, WW miles!, where for a year it wail 
measure the storage of energy near Earth 
in the vicmiiy (»f the equator and study 
the entry of solar wind particles into the 
magnetosphere in the lower liititudes. 

Later m the mission EML will use its own 
propulsion system to move back into 
Earth's long magnetotail and conduct joint 
observations with the fourth spacecraft. 

That Nnirth satellite, the c'.eomagnene 
Tail Lahoratorv. or (,11 L, wiH make tiie 
first complete siirvev of the magnetouii 
extending tar back in the wake ot Earth as 
l plows around the ''un through the tlor.d 


of energetic particles from the solar wind. 
GTE will use a new and unique itxhnique 
involving perittdic gravitational kicks from 
the Moon to keep it inswfc the comet -like 
mapietespherc tail. 

The data trom PEN. UARS and other 
systems mapping and measuring gtsispace 
will help in similar research tar from Earth 
as well In the same wav that the Sun. as 
our local and sample star, can teach us the 
nature ot other stars, so dm*s the conve- 
niently close and readiiv measurable 
geospaee environment teach us w hat to 
expect in the environments ot other 
planets. Thus, what OPEN learns about 
ncar-Eanh plasmas and phenomena will be 
usc'd to plan the orbits and instruments ot 
yJalilco. due at lupiter iii HSP, 

While UARS is studying the upper at- 
mosphere. the Solar Polar spacecraft aie 
siuring over the ecliptic and the living au- 
tomated labs ot OPEN are piercing the 
anatomv of the magnetosphere, thev will 
he* mined tor periods ot a week or so at a 
time hv the tirst manned soeiiulie labora 
ton in space since Skvlab tnd with a sim- 
ilar name -Spaeclah. 


Spacelati 


Spacelah, designed, constnicted, equipped 
and paid for by the European Space 
Agency fESAl, at a cost ot over a halt a bil- 
lion dollars, to fly m the cargo hay of the 
Space Shuttle. IS an example of construc- 
tive international cooperation m space. It 
IS a fully equipped modem laboratory in 
which as many as tour scientists can work 
in shirt-sleeve comfort. The first Spacelah 
mission will carrv no fewer than dH 
scientilie insirumcnts trom the United 
States. Europe and lapan. 



Although that hrst will be primarilv 

toncemed with cheeking out the Spacelab 
and Its varmus >aciiuics. the embarked sci- 
entists will also take measurements and 
conduct ex|>enmvms m the phvsics *>t 
space plasma and the high atmosphere. 
Succeeding Spacelab tlijdhts wut conduct a 
carefully planned, step-by-step studv ot the 
aimosphcrc, the magnetosphere, and 
space plasmas. 

The manned space laboratort' ha-, ini- 

pt^riant advantages over automated sfiacc- 
cratt however advaneed ami versatile, the 
advantage ot on-the-spot iniman ludgmcnt, 
dceision-nuiking and improt {satnm are oh 
VHHis, But the hig manned !ab can canv 
aloft he.ivv seiemitic equipment and de- 
vices and Mipplv them with the large 


Sketched liere are the 
fwi» Salat Pnhir e 
craft V wring mer tiu 
pi i!es a( the Sun at the 
Mime (stth* that the imtt 
firing lalnmittmes of 
OPEN, the tmi Kateihte^ 
(ii UAHS and Spacclah 
amdaet coordinated in- 
ceilivatiims of Sun-Earth 
ener^v prtKV^ses. 
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amounts oi electrical ptmer thev require. 
They enable Space lab to conduct not tuilv 
observations and measurements, hut ac- 
tive experiments as well. For example, 
traceable ions jclectneallv charged atoms* 

‘ an bt‘ dcliberatclv inieeted into jeivcii 
areas ot geospace and their movement and 
behavior visually traeke-J trom space and 
trom the ground by thw tluoreseenee thev 
emit. Since such panicles arc inthieneed 
by elcctmal torces, the electric tields m 
geospace can he studied 

An experiment ot this kind is planned 
tor the mid-cighties using two spaceeratt 
launched trom the Shuttle, One supplied 


by West Germany, wil! release han.im 
into the solar wind outside the magneios- 
pherc. The other, furnished bv the United 
States, will later measure the energv. loca- 
tion and movement ot the barium ions m 
side the magnetosphere. Correlation ot 
data trom the two spacecraft will give us 
an improved understanding ot the process 
by which solar wind particles enter the 
magnetosphere. In other active experi- 
ments, charged particle beams iiom heavy 
Spacclah von and electron accelerators can 
he* used to map the structure ot phenom- 
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An arUM s fvmept of the 
infrart'd Astrtmumictil Sat- 
eUite setsrdiin^ space for 
solar infrared actn itv 


ena in gcospace electric fields, and even to 
sttmulate the aurora artifically Thts will 
Ipvc us insii^ts into the quantities and 
enei^cs trf mapietospheric panicles re- 
quire to create different intensities of 
Mcwrthem Lights. 

In stiM another. eM.mple,.Spacelab 
make iXKSiMe the u« of Lidar, iLi^t IX*- 
tection and Ranpng, an amplifit^ and in- 
tcasified li#t system akin to laserl to ' 
measure the composition of ptutions of 
the hi;^ atmosphere hard to reach with 
other systems. 

Like the Spao* Shuttle itself, Spacclab 
IS so new, sai promising, m» potentiaHy ver- 
satile that we wtm'i even know what we 
can do with it until we have acquired op- 
erational experience in space. 


^lar Optical Telescope 


One of the things we do know we can do 
with Spacclab is to operate a revolutionary 
new Solar Optical Telescope which will Iw 
ready for installation hy late 1985 or early 
1986. With a lens aperture of one and a 
quarter meters |four fcetl and no obscuring 
atmosphere to interfere, the new telescope 
will be able to observe small features on 
the. Sun with 10 times the magnification 
(resolution! of ground based instruments 
and in all wave lengths from uhraviolet 
to infrared. 


Solar Probe 


One of the most interesting and challeng- 
ing projects planned for the middle years 
of the eighties is a spacecraft that will fiv 
past the Sun. penetrating the corona, at 
the searingly chise range of only three so- 


lar radii, about 4.1 million kilometers or 
2.6 million miles. At that distance the in- 
tensity of the Sun’s radiation, including le- 
thal gamma rays, x-rays, ultraviolet, and 

extreme heat, will be equal to that of 
about 2500 Suns. The engineering prob- 
lems involved in protecting the space- 
craft's delicate sensors in the immediate 
vicinity of that blazing nuclear inferno are 
immense. And the mission is further com- 
plicated by the difficulty of data transmis- 
sion and control commands throng the 
violently noisy radio emissions from 
the Sun. 

The. :$cien.tific.. rewards from the Solar 

Probe— unprecedented knowledge from, on- 
the-spot measurements of the structure. 
comp*»ttion and dynamics of the corona 

and of the solar wind at its source, plus 
valuable new data from experiments in 
relativity and gravitaiion— arc well worth 
the demanding engineering effort. 


Planned Space Programs 


Several other ingenious and imaginative 
projects arc hemp planned to ^in more 
knowledge of the Sun and of geospacc, and 
thereby a bettor understanding of the rela- 
tionships between them. 

One spacecraft will study the evolu- 
tion and rotation of coronal holes, and the 
distribution of the bright points which 
show up in x-ray observations of the Sun, 
as clues to the nature of the magnetic 
fields below the surface. It will alst» take 
measurements of the corona from within 
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the plane nf the ecliptic while the Solar 
Pol« Mtcllites are observing from akiw 
md below. 

An x-iay telesco^, observing from 
Spacckb, will also stn# the origin and de* 
¥dopment of coronal holes and the coiling 
magnetic loops which appear to be associ- 
ated with them. 

Another protect will inwsti^tc the 
turbulence which apparently, .occurs con- 
linuouslf and eweryw-here in interplane- 
tary plasma. 

Beginning .in., .the last half of this de- 
cade an effort will he made to explain the 
mystery of the lost neutrinos by means of 
a spacecraft designed to make a compre- 
hensive study of the dynamic processes in 
the interior of the Sun by close observa- 
tion, of their effects on the visible 
solar surface. 

At the same lime, as the next solar 
maximum, approaches, plans call for the 
Shuttle to place in orbit a huge disk 
pierced by thousands c.if tiny pinholes. 
Then, as far as one kilometer down-Sun 
from the.di.sk, so p.!aced that the disk ap- 
pears to cover exactiv the sphere of the 
Sun, a detector instrument package will be 
placed which will hnik through the pin- 
holes in x-ray wavelengths to study the 
corona and events on the Sun m high reso- 
lution. Ideally, this "pinhole satellite” 
should he observing the Sun at the same 
time that the Solar Probe is making its m 
s}tu jon the spot* measurements ot 
the corona. 

As a tnllow-up to the Solar Polar 
flights and the Sun-graring Solar Probe, 
other plans arc hemg drawn to put several 
spacecraft in dose orbus around the Sun. 
Such a team of orbitcrs would not only 
monitor the flares, prominences, tran 
sients. Sun-spots, bright x-rav spots, co- 
ronal holes and other solar phenomena hut 
would also serve a.s distant carlv warning 
devices in the same manner as ISEE-.^ and 


OPEN'S Interplanetary Physics Laboratory 
far back toward Earth. 

Another system planned for studying 
the nearly inaccessible level of the atmos- 
phere. which is t(» high and thin for air- 
craft and too low and dense for spacecraft, 
will use the boldly lexical technique of 
towing instrumented satellites from the 
Space Shuttle on a tether as tong as 100 
kilometers fol miles}. With the Shuttle in 
safe orbit ateve the atmosphere, the teth-- ■ 
crcd..satelli.ie..w.o.uld be towed through the 
level of interest and then reeled Sack into' ' 
■' the cargo bay. 

By the end o. the decade, knowledge 
of Sun-Earth relationships will, have in- 
creased sufficiently to warrant the estab- 
lishment of peimanent Solar Terrestrial 
Observatories .in space. The .first STO's 
■ ■ will -be- relatively ■ small .and. .w.i.ll. .have . .es- 
sentially the same instrumentation as con- 
temporary versions of Spacelab. Later 
models will, incorporate specially design.ed 
imirrmcnts and will be large enough, to 
require on-orbit assembly of several Shut- 
tle-loads of materials. The function of 
thc*se ohservatorfes will .be. .to. .li.nk. .toge.ther 
all the knowledge we have acquired about 
the separate elements of the Sun-Earth 
system into a cause-effect chain by contin- 
uous observation using advanced instru- 
ments ami scientific techniques. An 
understanding of those cause-effect rela- 
tionships can in turn give us the long- 
sought ability to predict the effects of 
disturbances in the system— such as solar 
flares and high-.spcei >quirts of solar 
wind— in much tlic same way that we can 
now warn of the approach of hurricanes or 
of weather conditions favorable tor the 
development of tornados. 
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This photojiraph of the Sun was taken 
throufth the Solar Telescope of Skylab. Re- 
gions of most violent activity on the Sun are 
restricted to two parallel belts on either side 
of the solar equator. At the time of Skylah's 
flight active regions were found in the two 
low-latitude bands shown here, in hard and 
soft X-rays, individual active regions stand 
out in sharp contrast, indicating that thev 
are areas of ItKally high temperature 



w far then have we come in our efforts 
to understand the nature of the Sun-Earth 
relationship on which we are so utterly 
dependent? What do we still need to know 
to achieve that understanding? How much 
of that knowledge will we have reclaimed 
from the ocean of the tmknown by the end 
of the decade with the investigations in 
progress and planned? What kinds of 
things might we do after that to complete 
the understanding we seek and make use 
of it for the long-range benefit of mankind? 


New Concept of Sun>Earth System 


We do know that we have achieved a new 
concept of the Sun-Earth system as a re- 
sult of observations and measurements 
from space. We see it now as an energetic 
and dynamic system, fluctuating, vibrat- 
ing, changing shape and interacting in 
rhythms which vary in frequency from 
minutes to millenia. This concept should 
come as no surprise since it matches the 
familiar environment at the bottom of the 
ocean of air where we live our lives, and 
where the days and nights, the seasons, 
temperatures, pressures, wind velocities, 
tides and weather patterns are all in con- 
stant change, all fluctuating with their 
own rhythms of differing durations. Indeed 
as men and women bom of the planet 
Earth we live and die by our own rhythms 
of pulse, brain wave, and function, of 
youth, maturity, age and death, and we 
witness the rhythmic arrival and departure 
of human generations. 

Into this concept we incorporate spec- 
tacular solar flares which rise and fall in 


minutes, huge solar prominences which 
have lifetimes measured in hours and 
days, the rotating spirals of the Sun's mag- 
netic field which seep across the Earth 
each week, yearly fluctuations in the elec- 
trical properties of the ionosphere, sunspot 
cycles of 1 1 years, and solar magnetic po- 
larity cycles of 22 years. And we have in- 
creasing evidence of solar cycles with 
much more measured rhythms, cycles 
with frequencies of centuries. There is evi- 
dence from tree-ring measurements that 
the "Little Ice Age" in Europe from the 
1640's to the early 1700's was not an iso- 
lated phenomenon but that it resulted 
from one of the almost complete century- 
long shut-downs of solar activity which 
have occurred with some regularity for at 
least the last 7000 years. The Earth's mag- 
netic field waxes and wanes and reverses 
polarity in cycles of half a million years. 
And what about the ebb and flow of the 
great continental ice sheets? Do they re- 
sult from rhythmic changes in the solar 
constant every half a million years or so? 

In this new concept we see the Earth's 
magnetosphere pulsating and changing 
shape under the changing pressures of the 
solar wind, with varying quantities of as- 
sorted energetic particles penetrating the 
magnetosheath to affect our atmosphere in 
many ways. And we see our own Earth 
with energy-release cycles of its own. 

It is a challenging and exciting con- 
cept, made more so by building evidence 
that solar and earthly rhythms interact to 
affect the human environment in impor- 
tant and eventually predictable ways. 

Beyond the achievement of that 
sweeping new concept, we also can be cer- 
tain that we have learned more in the few 
years that we have had access to space 
than in all the decades, centuries and mil- 
lenia which went before. We have been 
able to stock the shelves of the storehouse 
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of human knowledge with new discoveries 
and concepts, with new understandings of 
the nature of geospace and of the workings 
and phenomena of the Sim. 

Two thousand years ago a curious 
human being discovered that certain ferrous 
ores and metals exhibited a peculiar prop- 
erty we have come to know as magnetism. 
Twelve hundred years later that property 
was used for navigational purposes and led 
to the discovery of new worlds and the 
dramatic expansion of human knowledge. 

In the last century and a half, discovery of 
the basic significance of magnetism to the 
structure of matter has become the basis 
for much of our present-day technology. 

Leonardo da Vinci worked out the 
basic principles of aerodynamics around 
the turn of the Sixteenth Century. It was 
400 years before the Wright brothers took 
that knowledge from the shelf, added the 
internal combustion engine and man left 
the ground in powered flight. 

Happily, in recent years the interval 
between the attainment of knowledge and 
its use to improve the human lot has 
shortened. It was, for example, only about 
30 years after that first faltering flight 
down the dunes of Hatteras that practical 
air transportation became a reality, cutting 
human travel times from days to hours. 


Current Knowledge 


In the use of our new knowledge of Sun- 
Earth relationships, we have been able to 
do much better. After only a few years of 
study from space we are able to tell sev- 
eral days in advance when a particularly 
active region on the Sun is likely to 


produce mafor flares. Thus we are able to 
nredict them, and the flare-caused 
geomagnetic storms which disrupt com- 
munications and power transmission on 
Earth, with sufficient reliability and time- 
liness to establish a working warning ser- 
vice. NASA now provides this information 
regularly to the National Oceanic and 
Atmospheric Administration (NOAA), 
which, in turn, warns the Department of 
Defense, the Federal Aviation Agency, and 
other or^nizations which could be 
affected by the geomagnetic disturbances. 

Less positive but still of value is the 
tact that we can pretty well predict the 
day or two out of each seven when we 
will not be able to forecast storms as accu- 
rately as at other times. Those days come 
immediately after the sweeping spirals of 
the Sun's magnetic field cross the Earth 
and reverse polarity. 

And since the cycles of drought in the 
high plains cf the United States have 
come with devastating regularity every 22 
years for the past three centuries, we can 
warn farmers and cattlemen in those 
states (the Dakotas, Nebraska and the 
eastern sections of Montana, Wyoming 
and Colorado) to take precautions. 

The next drought is due in 1998. 

The trouble with these new-found ca- 
pabilities, as helpful as they are, is that 
they are mainly the results of empirical 
data. We know they work but we don't 
really know why. 


Understandings Required 


If we really understood the processes by 
which large amounts of magnetically 
stored energy are released in solar flares, 
we could greatly improve the accurac, and 
timeliness of our predictions and warnings 
and perhaps even develop ways to reduce 
or even cancel their disruptive effects. If 
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we really understood the way in which 
magnetic events on the surface of the Sun 
93 million miles away regularly reduce 
our weather forecasting ability here on 
Earth, we could use that knowledge to im- 
prove our forecasting ability. If we really 
understood the cause-effect relationship 
between the double solar-activity cycle of 
22 years and the high-plains droughts, we 
could probably predict the specific areas 
where drought would occur and its dura- 
tion and severity. This understanding is 
especially important because of its global 
economic and geopolitical ramifications. 
For example, a shortening of the growing 
season in Siberia by only three weeks 
causes a serious reduction in Soviet grain 
production which requires the Russians to 
buy grain on the world market, which af- 
fects wheat and com farmers in Iowa, Ne- 
braska and A.o«- '’a, which causes 
political repercussi s in the United 
States and the Sovit'. Union, and on down 
a continuing chain of cause and effect. 
Furthermore at the time of the last high- 
plains drought in 1976, there was an ap- 
parently related shifting of the monsoon 
winds away from India, which depends 
heavily on that rainfall to grow the crops 
which sustain its 650 million people. Con- 
sider the benefits to human life, the 
world's economic health and international 
relations, of an understanding which 
would permit advance warning and ad- 
vance actions to minim i7e the harmful ef- 
fects of these phenomena. 

But understandings of the processes 
which create solar flares, of the way in 
which solar magnetic changes work to de- 
grade our weather forecasting, and even of 
the cause-effect relationships between so- 
lar activity and periodic droughts, would 
provide us only with answers to three spe- 
cific parts of a much larger, more difficult, 
and vastly more significant problem; the 
relationship betwen energetic events on 
the Sun and climate and weather on Earth. 


Sun, Climate, and Weather 


The direct effects of the Sun on climate 
and weather are so obvious we take them 
for granted: night and day, the change of 
seasons, wind direction and the movement 
of weather systems at different latitudes, 
surface water evaporation and rainfall. It is 
the secondary and more subtle effects, of 
which the three fust mentioned are exam- 
ples, which we need to understand. 

We think the Sun-climate-weather re- 
lationship is very close because a tantaliz- 
ing array of circumstantial evidence is 
beginning to come in, but no clear cause- 
effect chain has been established — yet. 
Consider the evidence. 

In many areas of the world the 
amount of rainfall varies with the 1 1 -year 
sunspot cycle, with more than average rain- 
fall in equatorial regions and less than av- 
erage in the middle latitudes at times of 
solar maximum (when the number of sun- 
spots and the area of the Sun they cover 
are at a maximum). 

Global surface temperatures vary with 
the sunspot cycle. Between 1804 and 1919 
mean annual temperatures were lower at 
sunspot maximum than at minimum, and 
the same effect was recorded for the 
northern hemisphere alone between 1880 
and 1968. 

A related piece of evidence is that 
more rain falls in solar maximum years. 
More rain means more clouds. Clouds re- 
flect the Sun's radiant energy better than 
the ground so that less heat gets into the 
atmosphere and surface temperatures drop. 

Atmospheric pressure at the surface of 
the Earth not only varies with sunspot 
numbers but is affected by solar flares. 
Pressure readings tend to be lower than 



normal near sunspot maximum in 
equatorial regions and higher than normal 
in the temperate zones. Surface pressures 
decrease in some areas and increase in 
others two to four days after a major flare. 

In some areas of the world, especially 
in the higher latitudes both North and 
South, there is a clear relationship be- 
tween numbers of sunspots and numbers 
of thunderstorms per year. In addition, the 
total number of thunderstorms occurring 
on Earth increases by 50 to 70 percent 
about four days after the eruption of a ma- 
jor flare on the surface of the Sun. In the 
United States there are more thunder- 
storms than usual at the time of the 
weekly change in the polarity of the Sun's 
magnetic field (the same change which 
frustrates our weather forecasters.) 

Finally, there is the regular 22 year cy- 
cle of droughts in the high plains of the 
United States, which occur every other pe- 
riod of minimum sunspot activity on the 
Sun, and correlate directly with the 22 
year cycle of solar magnetic polarity 
changes. 

Taken together that is at least enough 
evidence to convince the most conserva- 
tive scientist that further ir estigation is 
warranted. And that is exactly what we 
will be doing in the decade of the 
eighties — and beyond. 

The Farther Future 


Although what we will be doing beyond 
the eighties becomes increasingly specula- 
tive and murky, we do have the benefit of 
some very highly educated guesses and 
suggestions. In )une of 1980, the NASA 
Advisory Council organized a symposium 
at Woods Hole, Massachusetts to meet the 
recognized need for "new, vital, innova- 
tive, long-range space programs." One of 
the areas of interest considered by a sym- 


posium panel of scientists and engineers 
from NASA (including the NASA Admin- 
istrator and former Chief Scientist), indus- 
try and the academic community, was 
"solar physics and solar-terrestrial interac- 
tions." At the end of a week of study and 
consultation, the panel came up with six 
bold, innovative and specific proposals 
which together give us the best estimate 
available of how the quest for knowledge 
might go forward in the years beyond 
the eighties. 

First on the list was a series of satel- 
lites called "Centurion" to monitor and 
measure certain phenomena of both Sun 
and Earth with little or no human care or 
attention for 100 years. Once launched 
and on station, the Centurions would thus 
be unaffected by annual budget decisions, 
the waxing and waning of government 
agencies, changes in national policy, or in- 
dividual scientific professional lifetimes. 
They would concentrate on those phenom- 
ena which could teach us the most from 
long-duration observation. Some of these 
are the solar constant — the radiance of the 
Sun in all wavelengths of the electromag- 
netic spectrum (first priority) — the solar 
wind, the flux or rat-' of flow of cosmic 
rays, changes in amounts and distribution 
of ozone and carbon dioxide in the Earth's 
atmosphere, changes in the total reflectiv- 
ity of the whole Earth (its albedo), and in 
the amounts of infrared radiation from the 
Earth. Separate satellites would monitor 
each phenomenon with maximum reliabil- 
ity, simplicity and economy. 

The Centurion's self-calibrating in- 
struments would store their data on board 
in case of long neglect from the ground 
and transmit them at the demand of sim- 
ple ground equipment either visually by 
flashing light or by slow radio telemetry. 
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The second suggestion was for a Solar 
Beacon to study changes in the shape of 
the Sun and provide detailed, high-resolu- 
tion information about the features and 
events on the solar surface in a novel and 
relatively economical way. Solar Beacon 
would consist solely of a precisely flat cir- 
cular mirror one meter (39 inches) in di- 
ameter rotating three times a minute in 
geostationary orbit (36,000 kilometers of 
22,300 miles above the equator where its 
orbital speed exactly equals the rotational 
speed of the Earth so that it remains ap- 
parently stationary above a given location). 
The mirror would reflect a "pin-hole" im- 
age of the Sun 400 kilometers in diameter 
on the surface ot the Earth where the 
changes in the diameter of the ''>un could 
be measured night or day, by a line of onc- 
meter-diameter light collectors. To an ob- 
server on Earth, Solar Beacon would look 
like a flashing first magnitude star. 

The third idea to come from the sym- 
posium panel envisioned a spacecraft in 
Sun-stationap' orbit (comparable to the 
geostationary orbit described above) at a 
distance of 1/6 AU equipped with a solar 
optical telescope, an x-ray telescope, and 
instruments for observing the corona and 
for measuring the emission of gamma rays 
and the solar wind. This spacecraft would 
vemain on station for one full 1 1-year 
solar cycle. 

Next on the Woods Hole list was a 
logical successor to the Solar Polar Mis- 
sion with its one-time pass out of the 
ecliptic and over the solar poles. Labelled 
the Global Solar Mission, this would be a 
system of three spacecraft equally spaced 
(120 degrees apart) in an orbit around the 
Sun in the plane of its poles, or normal to 
the plane of the ecliptic, at a distance 
of one AU. 


In the same way that communications 
and weather satellites spaced at 120 degree 
intervals around the Earth can collectively 
and continuously "see" the entire surface 
of the planet, the Global Polar Mission 
would ke< p the entire Sun under observa- 
tion with identical instruments. Addition- 
ally, at any given moment half of the solar 
suHace would be visible to two of the 
spacecraft making possible stereoscopic 
measurements and intercalibration of the 
observing instruments. In this way the 
mission would provide data over a full 
solar cycle on the Sun's magnetic field, the 
structure of the corona and characteristics 
of individual a».tive regions on the surface. 

The final pair of ideas to come from 
the panelists was equally imaginative. The 
first conceived of spacecraft, appropriately 
called Solar Scorchers, which would pass 
extremely close to the solar surface or 
even plunge directly into the othervvise 
unobservable solar interior itself. 

Two missions were suggested for the 
"Scorchers." One, a close grazer or "grav- 
ity orbiter" would use the same slingshot 
effect from Jupiter as the Solar Polar 
flights but then be slowed by retrorockets 
into a 32-day orbit around the Sun with a 
closest point (perigee) just abo\ e the solar 
surface (the photosphere) and a high point 
(apogee) of .2 AU. The second, or Solar 
Plunger, would simply use Jupiter's gravity 
to fall straight into the Sun, directly mea- 
suring pressures, densities, temperatures 
and chemical ’ompositions of the in"'er 
corona, chromosphere, and photosphue 
before its inevitable evaporation in the 29 
million degree temperatures of the upper 
convection zone. 

Together the Scorchers could test our 
theories of what happens in the solar inte- 
rior (and therefore in the interiors of all 
stars), and peihaps solve the persistent 
puzzle of the observed neutrino deficiency. 

As in the case of the Solar Probe 
planned for the middle eighties. Scorcher 



designers would be faced with staggering 
problems of insulation against ultra-high 
temperatures and radiation as well as com- 
mimications through the very noisy elec- 
tromagnetic environment of the Sun. In a 
wonderftUly c^timistic piece of scientific 
understatement, the Woods Hole panelists 
"presumed that these obvious technical 
difficulties could probably be solved by a 
moderate extension of present engineering 
capabilities." 

The final :tem on the list is an extra- 
polation o. t'>e use of tracer chemical re- 
leases in the Earth's environment, such as 
the release of barium to measure the flow 
of solar wind particles into the magneto- 
sphere. It envisions the re’.ase of about 
1000 kilograms (2200 pounds) of fluorine 
"with a definite upward velocity" at a 
chosen point in the Sun's corona which 
would then be carried outward on the 
solar wind and tracked by an Eanh-orbiting 
telescope. 


"What's in it for Me?" 


Suppose that the suggestions of the Woods 
Hole panel were followed, or that roughly 
comparable proiccts in the study of Sun- 
Earth relations were accomplished as we 
expect they will be. What will it mean to 
the citizens of the United States of Amer- 
ica and other residents of the planet Earth? 

There are two parts to the answer. 

The first part is speculative, with the 
validity of the speculation decreasing down 
the vistas of the future. We can, however, 
reasonably expect to understand the na- 
ture of Sun-Eanh relationships and of the 
E nh's environment in space with suffi- 
cient clarity to enable us to predict 
climate ''hanges and the changed weather 


patterns associated with them far enough 
in advance tc permit plarming which takes 
those changes into account, ror example if 
we know the growing season in Nebraska 
or SilKtia will be shorter next year, we can 
plant or harvest earlier, or charige fertiliza- 
tion methods, or plant faster-growing or 
different crops, or arrange in advance to 
import grain from areas where good grow- 
ing conditions aze predicted and where 
therefore more land has been planted. If 
we know there will be less rainfall in a 
given area, we can plant crops which 
require less moisture or arrange for in- 
creased irrigj.tion, storing water in advance 
for the purpose. If we know that next win- 
ter there will be lots of snow in the Rock- 
ies and hardly any in New England, winter 
resorts in Colorado can expand to take 
advanuge and those in Vermont retrench 
rid wait for a better year. Pick your own 
i*. .istrauons from the myriad available. 

With the ability to predict climate 
will come greatly improved ability to fore- 
cast weather. Detailed and accurate fore- 
casts for periods up to a week are not 
unreasonable to expect. 

After understanding and prediction, 
the next logical step is the beginning of an 
ability to control both climate and 
weather, with all the obvious advantages 
and equally obvious problems and com- 
plexities such a capability would bring. 

With an accurate understanding of the 
interactions of solar energy with magne- 
tosphere, ionosphere, stratosphere and 
atmosphere, and of the effects of human 
activities on those pnx:csscs, can come the 
very necessary ability » > maintain the 
health and integrity oi *hat complex 
system, irinimizing or eliminating those 
activities which damage it, such as loading 
it with carbon dioxide or .".uorocarbons. 
Increased understanding could even give 
us the ability to "iep.-ir'' damage already 
done to our space environment, restoring 



it to its natural condition under which lile 
on Earth evolved. 

There is even the possibility, far in 
the future, that this kind of planetary 
environmental engineering might enable 
us over a ^oiig period of time to alter the 
atmosphere of another planet (Mars is the 
most It^cal candidate) to make it 
habitable by man. 


A Fusion Future? 


Perhaps the ultimate boon to mankind 
possible to derive from studies of the Sun 
is the unlocking of the secret of the nu- 
clear fusion process which powers it, and 
the powerful magnetic phenomena associ- 
ated with that process. If we can learn to 
create and control the nuclear fusion reac- 
tion we will have learned to use the 
energy source of the stars, an energy source 
which uses as fuel the original and still 
the most abundant element in the Uni- 
verse — hydrogen, which releases no chemi- 
cal pollutants, almost no radioactive waste 
and no residue at all except helium which 
is harmless, valuable and useful. A practi- 
cal nuclear fusion reactor would extract 
from a gallon ot sea water an energy value 
equal to 300 gallons of gasoline at a cost 
of a few cents a gallon for fuel. Taming 
the fusion process would give us a supply 
of clean, harmless electrical energy which 
would last as long as the Sun itself 

We are working on fusion reactors. 
Some are well along in development. The 
basic problem is how to contain the 1(X)- 
miUion degree temperature of the ''eaction, 
which would obviously vaporize any 
conceivable container material. The best 
way seems to be to "build” a combiner of 
magnetic fields — which happens to be 
precisely the way it is being done in the 
Sun at this and every other moment. 

The benefits of the general use of 


fusion-generated electrical power are 
nearly incalculable but include as a mini- 
mum the end of atmospheric pollution 
with the carbon dioxide of burned fossil 
fuels, an end to the gmieration of danger- 
ous and long-lived nuclear wastes from fis- 
sion reactors, and a general unpiovement 
of the standards of living and the quality 
of human life worldwide. In addition, the 
availability of luilimited energy would 
strongly tend to reduce international com- 
petition for shrinking fc^il fuels and thus 
the threat of thermonuclear aiuiihilation 
which presently clouds the future 
of humanity. 

We thus find ourselves faced with the 
incredibly elegant irony and the increas- 
ingly urgent challenge of a single physical 
process which gave us hfe in the hist 
place and wliich now holds both the best 
hope for our future and the gravest threat 
to ou’’ survival. 

That is one pan, the speculative pan, 
of the answer to the question, 'What will 
all of this mean to us*" 


Prospects Unpredictable 


The second pan of the answer is simply 
that wc don't know. We don't know be- 
cause we caimot predict the ways in 
which the knowledge in the storehouse 
will be used, combined, assembled, inte- 
grated, focused, in the future. The only 
cenainty is that the knowledge will be 
used, and that the ways in which it is used 
will enhance the capabilities of mankind. 

When Heron of Alexandria in the 
second or third century B.C. discovered 
that water heated into steam expands tre- 
mendously and exerts force, he could not 
possibly have predicted the great engines 
and steam turbines of today. 



When the German physicist William unknown poles of the Sun, that the auto- 
Conrad Roentfp:n discovered x-rays in mated laboratories of OPEN will one day 

189S, he could not possibly have predicted stitch the Eanh's magnetosphere, weaving 
their present general use in medical diag- a new fabric of knowledge for mankind, 
nosis and therapy nor the human suffering and that the daring concepts of the Wixids 
they have prevented or allayed. Hole scientists arc working their way 

When, in the 1950s, a young graduate thnnijdt the system to reality, 
student in astronomy worked out the All this is as it has always been. The 

mathematics f>'; an anay nt small antennas lesson is not new. The whirling spacecraft, 

integrated by computer to act as a single the giant mountain-top observatories, the 

very large one to receive weak radio sig- sounding rockets piercing up to spatx, the 

nals from distant spacet:raft, he could not instrument packaj^ borne hifd^ aloft in 

have foreseen that those same mathemat- aircraft and balloons, all are direct descen- 

ics would become the basis for the Com- dants of Stonehenge and Chaco Canyon, 
puterized Axial Tomography machine or Casa Grande and the medicine wheels, 

“CAT scanner” — a maior medical break- Galileo's telescope and Newton's prism, 
through which provides <k'taiied, three- Tyco Brahe's meticulous observations and 

dimensional maps of the brain and other Kepler’s laws. All at one time were at the 
organs more accurately and without the point of the search for knowledge. Now 

potential damage of conventional we are there, armed with the potent new 

x-ray techniques. weapon of access to space, it is our respon- 

Each generation in its own time adds sihility to the past and the future to use it 

its quota of knowledge to the troasure wisely and well; to satisfy the need to 

house of humanity for use by those which know inherent in mankind, 

come after. The history of science teaches It is also our gixid fonune to be in- 

the inestimable value of the pursuit of the volved in what well may be the greatest 
intellectually important, the intellectually scientific and intellectual adventure of all. 
challenging and exciting, becau.se out of 

that effort, sixiner or later, huge benefits Fo/Zouine pjce The SoLii lori'fiu hru-fl\ tii total 

will accrue to mankind. "Hie Cro-Magnon /V/cstofv of Skvtah untk i\Iipsc\ of the Sun. where 

antler-notchcr, wondering at the Moon tlu\ pu tuu- ot the Sun. The it apiH't\ white and deli- 

from some forest clearing when he should ( hirer c.'orofKi The i'the cate a,i:ain\t the srum' 

have been hunting the wwly mammoth to real Sun The Sun\ corona hackurouiui of a tenipnrat- 

feed his family, was the first known >rrerehe\ tar hevond the ilv darkened, davtime skv. 

scientist because he was the first known «ienser. inner eor»n*i sem Even then. Earth's mterven- 

astronomer. Out of the need to explain in .V r«i\ \ and ultra violet mg atmosphere ts hnut-' 

astronomical phenomena was mathe- ii.g/if. and hevond the Inn rnoufth to limit our view of 
matics. the foundation of science. And if' of what we normallv see the outer eoronti, At .s'kv- 

from science comes the technology of the m the dark skv ot a total lab's orbital altitude. 

modem world. 'o/ar eclipse Its farthest where most no air wa.s left 

It IS because we have learned that reaches are delineated bv and where the skv was 

lesson from the history ot .science that the tain-red streamers that starklv black, the outer 

ISEE's and Solar Max spread their solar stretch into interphinetarv eoroiia was at last clearlv 

pianels to the Sun and rifle back to Earth 'fvuv. exteiulin.K the do seen For months it was 

their streams of coded data, that the Solar nunn .»f oiir neare'f 'far contituiallv observed bv ii 

Polar flights will s»x>n be flung tar out of much farther that its visi corona^raph that bl<\ked 

the plane of the ecliptic and around the ble di>k We see the outer out the solar disk. 
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